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iJiVISIOKr AND CLASSIFICATION, 


[CH. 7 


artificial and natural classifications is then one of degree, 
and it would be well to discard tlie terms altogether. 


6. General or Scientific Classifications. — ^The aim of 
all scientific classification is to group objects in thought 
according to their actual affinities. These affinities, as has 
been said, are many, and differ according to the aspect 
of truth under consideration. The grouping of plants 
according to their poisonous qualities would be different 
from the botanical grouping. But plants only come into 
the former classification incidentally — they are not the 
reason and justification of its existence. In the botanical 
classification they hold the supreme position. Yet our 
knowledge of the Avorld needs to embi-ace the former rela- 
tions as Avell as the latter ; and it would be absm-d to say 
that from that widest of all points of view the one is more 
essential than the other. 

Yet, as we have seen, certain classifications agree most 
closely with the most mai'ked and obvious groupings of 
things. The botanical is thus the most natural classifica- 
tion for plants, and indeed the only one which regai'ds them 
simply^ as plants. But it is as plants that they have their 
place in existence ; as di'ugs or as food them existence is 
regarded not m itself, but simply in certain relations to 
man or animal. So the botanical classification of plants 
may be regarded as more fundamental than the meclicinal 
or the agricultural, and as dealing more directly with the 
nature of the things themselves. 

pill, this must not be pushed too far, For the complete 
npure of a poisonous plant is only knoivn when its power 
of harmM reaction on animal life is known. So lonHs a 
classification aims at setting out truly relations and affini- 
ties actuany existing m things it is scientific in its reference 

T i u the purpose in view— as 

mfficated by the highest genus chosen--the questions to be 
asked at each step are : In this relation what is the true 

affiffil^rotiVer 

objeps how, then, for this purpose should it be classed 
so that the prangement of classes shall corrSpond S 
the degree of closeness of these affinities ? ^ ^ ^ ^ 





KATtJRft or INFERENCB. 


177 


§ 5 ] 

of tlae order in wbicli the two aspects of realitj are 
piesented to ns, and tins differenco can have no effect 
either upon reality itself or upon our final conception 
of it, when we know it in both its aspects. 

5. Watnre of Inference.— It is now time to examine 
the natvire of inference which is the most important char- 
acteristic of method. It is evident from the general 
account of it just given that mduction and deduction, 
and also analysis and syntliesis to 'wliicli they to some 
extent correspond, imply inference. But it may bo 
urged that testimony and observation, wbicb give tho 
particulars from which mduction starts, are not on quite 
the same_ footing in this respect. Testimony, it will be 
granted, is one remove or more from the facts which it 
affirms, and the process by which we get back to them is 
clearly inferential, but sm-ely in observation the contact 
with f^t is direct, and things are as a man senses them. 
Yet mistakes in observation clearly show that thinf^s often 
are not what they are observed to be, and it be'evideut 
later that eri'or creeps in for the veiy reason that infer- 
ence was present and was incorrectly made.* We may 
assert, then, that method is characterised in all its sta<^es 
by inference. ° 

The challenge of tho tnith of a judgment may arise from 
the practical needs of life or from the ideal of demonstra- 
tion which science sets before itself. In any case it can 
offiy be met by developing the judgment either in the 
mrection of the reasons which support it or in that of 
the consequences which flow from it. At every step both 
reasons and consequences may be true or false, and the 
e^dence for them must bo examined until data are reached 
which are undisputed. The chain of reasoning will bs 
complete when the judgment is seen to follow necessarily 
through aU the intermediate steps from those facts or 
prmciples which are beyond question. The proposition is 
then said to be proved, and tbe process of inference is 
complete. How it is of no importance from the logical 

‘ See Ch. 26. 
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PREFACE. 


This book is based upon the Manual of Logic of which 
the last edition was first publishe3‘'fiffeeh' years ago'. Since 
that time the need has arisen for a simpler and briefer 
treatment adapted to the intermediate university examina- 
tions to which Logic has been transferred from the final 
degree examinations. 

Moreover, controversy on the more modern parts of 
logical doctrine has had its legitimate outcome in a general 
agreement among thinkers on the subject. We are glad, 
in consequence, to be able to adopt a less controversial 
tone than was deemed advisable in the presentation of in- 
duction in the former woi-k. 

Especially in the matCTial logic of method and of induc- 
tion, then, a new version was desirable, and the opportimity 
was seized for a thorough revisioH of the treatment of the 
long accepted doctrines of fonqal .logic, and for some im- 
portant re-arrangement of topics. In particular we believe 
that much is gained by placing the treatrhent of ‘ Method ’ 
in such a position that the old' doctrine of the syllogism 
is seen still to be an essential part of logical theory, and 
not merely an archaeological monument of the perverted 
ingenuity of our forefathers. We have also deemed it 
convenient to our readers to treat of the various forms of 
fallacy in immediate connexion with those parts of logical 
doctrine against which they offend. If this has the further 
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effect of briglitening tbe ■u’ay along 17111011 tlie student must 
of necessity find much of difficulty, it ivill be all to the 
good. ; and nothing is usually so entertaining as the mis- 
takes of others. 

We have added some questions on each part of logical 
doctrine, and vre would earnestly urge every student who 
desires to become master of the subject to struggle with 
those exercises till he has overcome them. 

J. W. 

A. J. M. 

The Ukiversity, Leeds, 

J^lne 1911 . 


NOTE TO EEVISBD EDITION. 


This edition has been enlarged by the addition of a new 
chapter (XVI.) dealing with applications of general method 
to the great branches of knowledge, and of a section on 
the logical aspect of Probability. Other changes are 
confined to correction of errata. 

J. W. 

A. J. M. 

Sept. 1922 . 
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CHAPTER I. 


THE KATHEE OF LOGIC. 

1. Knowledge. — Men have always thought as naturally 
as they have eaten, and they have found the matter on 
which their thoughts work, as well as that which satisfies 
their hunger, among the things around them. But the 
advance of what is known as civilisation is attended by an 
advance in man’s demands in each case. The civilised and 
cultured man rejects with equal disdaiu the rude dishes 
which gratify the palate of the primitive savage and the 
explanations of the phenomena of the world which satisfy 
his mind. 

Such an advance would be quite inconceivable if each 
generation had to start anew at the beginning of things. 
It is only because men of our day can profit by the ex- 
periences of those who have preceded them that advance 
either in knowledge or in practical efficiency is possible. 
This implies that the knowledge gained by one can be 
communicated to others,^ so that human advance is in all 
its aspects a kind of co-operative movement. In other 
words, without the means of communication — ^in its 
broadest sense, language — man must have failed to improve 
the character of his life as surely as the lower animals 
have done. 

There is probably, no need to demonstrate at length that 
man’s advance has not been an uninterrupted triumphal 
march. Every sane person is conscious of the truth of the 
old Latin proverb “ Humanum est errare.” We all fall 
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into errors— both practical and theoretical. Savage mau, 
whose interests are verj directly practical, avoids death 
and disaster less surely than we do with all the resources 
of medical science — that is, knowledge — at our disposal 
And savage man can do much less than we can to lead the 
forces of nature into bondage to his desires The great 
ocean-liner is an immense advance on the dug-out canoe, 
yet the ocean-liner at times meets with disaster. The 
express train rushing along the rails at sixty miles an hour 
is striking evidence of the extent to which man’s practical 
Imowledge has advanced: that train hurling itself in 
collision upon another, which is — but ought not to be — in 
the way, is an illustration of his liability to error. In how 
many human disasters is it not possible to find the explana- 
tion in “ Some one has blundered” ? 

Practical failures bring conviction home to all of us 
that we are not infallible. In matters of merely theoreti- 
cal knowledge we'are much more apt to regard our results, 
not only as the last word Avhich has been said on the sub- 
ject, but as the last which can be said. Yet here, too, a 
modest demeanour would be more becoming. Nor is such 
modesty at all inconsistent with justifiable pride in what 
has already been accomplished. That certainly is much. 
We do know much about the operations of many of the 
forces of nature, and we prove it by the slrill and success 
with which we utilise them. But much is stiU unexplained, 
and the further we get from the forces we can use directly 
the more uncertain are our steps. The unexpected discovery 
of radium illustrates how scientific knowledge thouo-ht to 
be the most perfect may be shown to be inadequate and 
incomplete. 


Nor again have we any reason to suppose that the 
Brought of this age is more final than that of earlier times. 
The path along which thought has advanced is strewn with 
the wreckage of discarded explanations, which in their dav 
were mgarded as securely established, that is, as known, 
ineir tare has always been due to the same cause — ^increase 
ot knowledge. Whenever a fact, or class of facts, new to 
us is proved to exist, our thought of The nature of the 
world must find an appropriate place for it. 
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Thus in our day the theories of physics must undergo 
any modification that is needed to give such a place to 
radium as will permit its qualities and powers to fit into 
the general scheme of things physical. So in the sixteenth 
and seventeenth centm’ies men had gradually to readjust 
their thoughts of the relations of the heavenly bodies so as 
to include the continually increasing knowledge of the 
facts which the telescope was making possible. In this 
case the readjustment of the theory was fundamental — 
the earth was deposed from the position men’s thoughts 
had for centuries assigned it, and was made but a minor 
satellite in a system whose centre was the sun. 

If we look at this striking historical instance we see 
that it w'as not the perceived facts which were proved to 
be other than men had thought: the sun, moon, and 
stars were — and are — stiU seen to rise in the east and to 
set in the west. No, it was only man’s theory about their 
appearance — his explanation of how they could be ex- 
plained — ^which was overthrown, because it could not find 
room for the facts first known when the telescope brought 
into the range of perception facts which had hitherto been 
beyond it. In this case only two theories were possible ; if 
one were rejected the other must be accepted. And the 
heliocentric theory has been formd to accommodate within 
its scope all subsequent discoveries of pertinent facts. So 
we regard it as certain — that is, as established truth. 

It appears, then, that man seeks explanations, but that 
his explanations are subsequently discarded if they are 
found not to account for growing knowledge. This is to 
say that he regards consistency in the whole sphere of his 
knowledge as the one essential condition of sane thought. 
If the facts are so and so, then the explanation must fit 
them. For the facts constrain us. They are parts of the 
real world of things of which each one of us is also a part 
— and they are the parts which are most directly open to 
our experience. 

The explanations, however, ax'e consti’uctions, made by 
our own minds, of possible relations between things ; and 
they may, or they may not, reproduce in thought the 
relations which really exist. The savage believes the 



4 THE NATtrBE OF LOGIC. [CH. ] 

tempest to be raised by a spiritual enemy. We, equally 
with him, accept the tempest as real, but vre reject bis ex- 
planation of its origin as not in correspondence ivitb tbe 
truth. And this rejection is based on fuller knowledge 
of natural occui’rences than tbe savage bas attained. To 
us many things are ‘natural’ because we can explain 
tbem by relations of thing to thing, which to the savage 
are ‘ supernatui’al ’ because inexplicable by any known 
relations of natural things. 

Human thought, then, accepts the facts of experience, 
and tries to explain them. The explanation always takes 
the form of fitting them into such a system that each one 
of them appears as the necessary result of the assumed 
relations of the others. Into such a system no contradic- 
tion can be admitted ; that immediately destroys it. The 
whole advance of science — i.e. of exact knowledge, no 
matter what the topic — is the building up in thought of 
such systems. Each science bas its own system. Chem- 
istry regards material things from one point of view, 
physics from another. Yet they study tbe same objects. 
So that thought must not only demand that chemistry 
be consistent with itself and physics with itself, but that 
chemistry and physics be consistent with each other; and 
so throughout. 

Our separate sciences, then, are all concerned with the 
same great system of things which we call the world or 
the universe. But each deals with only one aspect of it — 
that is, with one class of the forces which make it what it 
is. Because of the frailty of our intellects it must be so, 
for no mind is poweifril enough to embrace more than one 
very small corner of existence. Each science works in 
its own artificially segregated domain, but in reality these 
domains interpenetrate. So if the sciences are together 
to explain that reality they must not only be actually in 
harmony but must be seen to be so in their own relations 
to each other. 

It is plain, however, that we are far indeed from this 
complete construction in thought of what the universe is 
in reality. Each science is, as it were, working largely in 
the dark as to the bearing of its results on the general 
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scliemo of tilings. Surely ivo have hero an uuansiverablo 
proof tLat our knowledge is very imperfect, and that our 
explanations, tlicrefore, may need more or lo.'^s profound 
modification as that Iviiowlcdgo increases. 

So far we have spoken only of the knowledge of man- 
kind as a whole, and wo have seen that in its gradual 
growth it has had to reject some of its beliefs and to adapt 
others by profound modifications to meet the new con- 
ditions of thought duo to increase of knowledge — often of 
the most unexpected Icind. But if all this is true of the 
combined search of men after truth, how much more is it 
true of the efforts of individual enquirers ? One need not 
go outside one’s memoiy of one’s oivn life t o find plent}' of 
examples in which one’s own thought has been proved by 
subsequent experience to be wrong. Have we not har- 
boured suspicious afterwards seen to be unjustified ? 
Hfive we not believed explanations which we now reject ? 
Have we not discovered eiTors of thought in others ? 
Have they not believed that they have found similar 
errors in ourselves ? 

There is no need to labour the point. Every one who 
thinks at all knows that at times ho thinks ivrongly — that 
is, the system he constructs in his thoughts does not corre- 
spond to the relations which hold in reality. His mistakes 
maj' or may not be found out either by himself or by 
others. In matters of small momeut many such errors 
never ai'e discovered, for the time once past no more 
thought is given to the matter. If, however, further 
knowledge in any form is brought to bear, then any 
inconsistency may become manifest, and the fact of error 
is laid bare even though the exposure does not carry with 
it in all cases the power of rectification. 

2. Origin and Pnnetion of Logic.^ — The liability to 
error in thought naturally raises the' question whether 
rules can be laid down by adherence to" which such error 
can be avoided. Can we set forth a scheme by following 
which thought can advance safely and surely ? The idea 
is a tempting one, and for centuries men believed it to be 
realised. Unhappily in those very centmies men’s know- 
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ledge of tlie -world in -wliicli they lived made little, if any, 
advance. 

The reason is not far to seek. Such a universally 
applicable instrument of thought assumes of necessity 
that the validity of thought can be estimated apart from 
the matter thought about. In a very narro-w sense it can. 
Within the four corners of any given argument it can be 
decided whether the thought is consistent wth itself — 
whether the conclusion is rightly dravm from the given 
premises. But it can go no further. And if we wish to 
know the world, or any part of the world, we need further 
to ask whether the premises are true, and if so whether 
they are sufficient, and whether the conclusion agrees with 
fact. In short, we want, not a little artificial system of 
thought, shut up in itself and claiming validity merel}^ 
because in these narrowest of bounds it does not contra- 
dict itself, but a system which is in relation to all other 
systems both of thought and of existence and the validity 
of which must be judged as a whole by its relations to 
those systems, not by its own little insignificant self. 
‘li S is M, and M is P, then 5 is P’ is no doubt true 
no matter what S, M, and P may be held to represent, so 
long as each remains uniform in its reference. But the 
essential questions remain — whether S is PI and M is P\ 
whether these two statements are all the knowledge that 
we have pertinent to the case in hand ; and whether ‘ S is 
P ’ is true in fact, in just that form. 

This traditional Logic, then, which claimed to lay down 
the laws of fure thought — i.c. of thought considered by 
itself and regardless of the matter on which it was exer- 
cised — was powerless before the vast complexity of reality. 
It could deduce consequences froin given data, and so long 
as men were agreed on the ultimate assumptions which 
could bo made, the application of this logic in argumenta- 
tive discussion -went merrily on. Eventually such agree- 
ment became largely traditional — men tacitly agreed to 
accept as true all that certain authors of antiquity — 
especially Aristotle — had written, and to reject as false 
all that was not to be found in their -wiitings. The 
result was much acuteness of thought and consequent 
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clearness of mental vision as to wliat is really involvetl in 
general statements — a point, in wliicli the moilern miml i.s 
apt to bo far inferior. But from the very nature of this 
conception ^f logic and of thought men’s miiuls were 
thrown hack on tlicmselves, and occupied themselves with 
their omi thoughts regardless of their origin or of their 
agreement until the real world. As a natural result tlio 
knowledge attained of mental processes was much more 
valuable than that which was gained of the external world. 

Yet this logic was not valueless, and it is subject of 
regret that the conviction of its inadequacy has led to its 
general neglect Jilcn continually make errors in reasoning 
of the most elementary formal character, and their readers 
or hearers fail to detect them. Distinctions ai'O ignored- 
or dismissed as " verbal quibbling ” which yet have a very 
real pertinence to the matter in hand. The general neglect 
of a study of the formal implications and relations of pro- 
positions has been accompanied by an appalling amount of 
inaccurate and careless reasoning, and by a slipshod habit 
of mind which is much to bo regretted. 

With the growth of interest in the world of things and 
forces, the inadequacy of the formal logic of pure thought 
led to its being more and more despised. Bacon set him- 
self to substitute for it a ncAv “ organon ” or instrument 
of thought, though Ins effort was not markedly successful. 
Indeed, the hour was not yet come. The mediaeval notion 
that logic is the art of thinking, and that its province is to 
dictate to men how they should thinlc, had first to bo given 
up, for it rested on a false conception of the relation of 
theory to practice. 

The truth is that in every department of activity prac- 
tice comes first. We learn to do things before wo attempt 
to discover the general principles that doing has involved. 
So men fell themselves, and saw other things fall, long 
before they hit upon the theory of gr,avitation as the 
principle unifying all those diverse facts. Just so men 
learned the new processes of thought practically in the 
very attempt to penetrate the hidden mysteries of things. 
They had to invent modes of ascertaining facts more 
exactly than by casual observ.ation, and to utilise those 
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facts "wlieii found. Thoughts are at once processes and 
results, and thoughts -were what men were seeking. Their 
interest was in reaching knowledge — that is, systems of facts 
and explanations hy relation of fact to fact that would 
stand the onslaught of new discoveries. Many ways they 
tried, and some they abandoned as unfruitful. Others they 
formd effective, and gradually set themselves to perfect. 

There, then, was the material for the new logician — the 
systematiser of real thought, not merely of 'pure’ or 
empty thought. It was not a little because the old 
logicians stood aloof and declared that logic had nothing 
to say to the march of real knowledge — ^was indifferent to 
truth, as Mansel maintained — ^that men of sense said “ All 
the worse for logic.” The time when logic could dictate 
to thought was long gone by. So when the upholders of 
‘logic’ took up this preposterous attitude they only 
succeeded in drawing contempt upon their science. 

That time is happilj passing away. The scienti&c worker 
sees the value of a systematic exposition of the principles 
which can be found inherent in successful attempts to win 
explanation, though he is still often shy of naming such 
an exposition ‘logic.’ On the other hand, the present- 
day logician is a much more modest person than was his 
early Victorian predecessor. He is content to follow the 
advance of knowledge, and no longer claims to dictate to 
it the way it should go. From successful workers in 
science he learns, in the words of the late Lord Acton, 
“ how to test proof, how to secure fullness and soundness 
of induction, how to restrain and employ with safety 
hypothesis and analogy.” 

We may say, then, that there is a general agreement 
that by analysis and comparison of actual pieces of suc- 
cessful thought there may be formed a body of common 
principles, though, of course, those principles are found 
under various forms according to the kind of matter 
thought about. The kind of evidence which will establish 
a truth in history is different from that which will estab- 
lish one in physics ; yet both must in some way be 
adequate, and from examination and comparison of the 
relation of evidence to conclusion the general conditions 
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of adequacy may be ascertained. Tbe systematisation of 
such principles of validity in thought yields the science 
of Logic, which may, indeed, bo de&ied ns the science of 
the principles of vcilid thought. 

3. Helation oi Logic to other Knowledge. — Shall we 
say, then, that the province of logic is a wide or a limited 
one? It is wide surely in the sense that it is interested 
in all thought and so embraces all the sciences. But it 
is limited in its power to express adequately the grounds 
of men’s conclusions. It can say that if such and such 
evidence be time and bo aU that is pertinent, then such 
and such a conclusion is justified or unjustified. But 
whether the particular evidence is true and is adequate 
logic cannot pronounce. That is the domain of the parti- 
cular branch of Imowledgo to which the case most de- 
finitely belongs. 

Is, then, logic of only theoretical interest ? Pyobably it 
is true to say that that is its chief attraction to most 
people who study it, just as in geometry the demonstration 
of necessaty relations of space is essentially the scientific 
interest. But as the theory of geometry is derived from 
examination of actual space relations, it may bo consciously 
applied to new cases, and may be used critically to judge 
the value of now space-constructions. And the same is 
true of logic. For as logic results from analysis of actual 
thought — and not otherwise — ^it is evident that men both 
can and do think without any conscious use of logic, and 
certainly without any preliminary study of it. Some think 
well, some ill. Or perhaps it would be truer to say, all think 
sometimes well, sometimes ill, though the proportions of 
the ‘ sometimes ’ are difierent witb different people. Logic 
is derived from thought about thought, just as botany is 
derived from, thought about plants. So logic could no 
more originate thought than botany could originate plants. 
In each case that is “ putting the cart before the horse.” 
And in the same sense in which botany may be said to bo 
inherent in plants logic may bo said to be inherent in 
thought. 

We grant then that the study of logic is not a pre- 
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liiniuary to tliouglit. Furtliei*, when men criticise each 
other’s arguments they do not usuall}' consciously apply 
logical principles — that is, they do not separately enunciate 
such j)i’inciples though they implicitly use them. Yet 
further, we will grant that even the professed logician does 
not call to mind the principles of his science when he sets 
himself to think about some other topic. 

All this is not to deny a practical value to the study 
of logic. But no service is ever done to a good cause by 
claiming too much for it. We have seen how logic has 
suffered from its friends in the past, and we would save 
it from such damaging support in the future. So we 
assert frankly and unreservedly that the practical value of 
logic to the student thereof is indirect, and only indirect. 

The clear apprehension of the conditions of validity of 
thought helps to form a cidtical habit of mind and to 
develop a fine scent for fallacies. Modern life ivitli its 
incessant platform chatter supplies endless occasions for 
the application of this power; if these opportunities are 
seized it gi'ows in strength and in efficiency, and it may 
be added that the more unconsciously it works the more 
effective it is. It follows that the student of logic will do 
well to work special exercises — special because made simpler 
than the common experiences of life. 

This habit of mind will guard us against the abuse of 
logic itself. People often, we know, scornfully dismiss 
many arguments as “ mere logic.” Ho doubt in many 
cases that is only following the old advice to shelter a weak 
case behind abuse of the adversary’s attorney. But not 
always. It is often felt that the ai'gument, though unex- 
ceptional in itself, does not meet the requhements of the 
case ; in other words that to some extent it is of the nature 
of that narrow fonnal logic of ‘ pure ’ thought of which 
we have spoken. The really logical mind apprehends when 
this is the case — that is, when cdl the evidence is not brought 
foi-ward — even where it cannot supply the deficiency. And 
this is a groat point. In matters that concern actual affairs 
of human life it is seldom that all the evidence can be 
explicitly set forth. Why do we distrust so-and-so ? We 
can probably give some definite reasons, but we are con- 
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scions that from our relations witli him there has been 
derived a great mass of unfavourable impressions which 
have never become sufficiently definite to be formulated in 
words. And it is only with thoughts that can be expressed 
in words that logic can deal. This is evident when it is 
remembered that logic must be general, and can therefore 
only be based on recorded thoughts. 

A little consideration will convince the reader that 
though words do express thoughts they do so more or less 
inadequately. In fact many things we cannot express, 
and when we do resort to expressions in speech, tone of 
voice, gesture, circumstances in which we speak, all add a 
colour of meaning which the mere naked words cannot con- 
vey. It follows that logical thought is most successful in 
dealing with matters into which the element of personal 
feeling does not appreciably enter. So it is that the con- 
clusions of the physicist and the chemist meet with more 
universal acceptance than do those of the historian and the 
economist. 

Perhaps it is true to say that the chief obvious practical 
use of logic is the negative one of detecting error. Though 
negative this is of the first importance, for to clear away 
error is the essential fii'st step in the advance towards truth. 

With a perfect and universal knowledge, logic, in a 
sense, would indeed be the universal science. With know- 
ledge in its present fragmentary condition, it must partly 
accept its data from outside itself — as, indeed, all the 
sciences have to do. But with all branches of knowledge 
logic has a general connexion. With those which inves- 
tigate the processes of men’s minds and the modes of 
man’s expression in speech — i.e. with psychology and 
grammar — the relation is more intimate. Yet in neither 
case does logic merge in the other, or the other merge 
in it. Psychology deals with the actual ways in which 
men think, whether ill or well. Logic is ideal in that it 
concerns itself directly only -with valid thought, and with 
invalid thought only indirectly and with the object of 
making clear how and why it is invalid. A yet more im- 
portant distinction is that psychology deals with thought 
as part of the life process of individuals: logic is not 
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concerned ■with indiYid'uals at all; it looks at thought 
in quite a detached and impersonal -way. Nor can logic 
consider — as psychology is hound to do — ho'w the thoughts 
of actual men and ■women are deteimined by other con- 
siderations than those of reason. There is no more call to 
confuse logic and psychology than to confuse physics and 
chemistry. 

Similar remarks apply to the relation between logic and 
grammar. The fonner considers speech only indirectly as 
a vehicle of thought : it is concerned with meanings only, 
and demands that those meanings shall have a certain 
amount of definiteness and stability. Relations of words 
are of interest only as affecting meaning. G-rammar, on 
the other hand, is only indirectly concerned ■with meanings. 
It explicitly deals ■with the relations of words. So that 
what is primary in logic is secondary in grammar, and 
what is secondary in logic is primary in grammar. It 
follows that the distinctions of grammar have no neces- 
sary connexion ■with those of logic, nor those of logic more 
than an indirect and subordinate bearing on grammar. 
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THK LAWS OF THOUGHT. 

1. General Character of the Laws. — The Laws of 
Thought, Regulative Principles of Thought, or PoeUtlaies of 
Knowledge are those fundamental, necessaiy, formal, and 
d priori mental laws in agreement with which all valid 
thought must he carried on. They are d priori, that is, they 
are assumed in all the processes of reason exorcised upon 
the facts of the real world. They are formal; for, as in- 
volved in all thinking, they cannot by themselves ascertain 
the definite properties of any particular class of things. 
Tliey are necessary, for no one can either conceive them 
i-eversed or Icnowingly violate them, because no one ever 
accepts a contradiction which presents itself to his mind as 
such. 

It is true that fallacious reasoning is common enough, 
but this springs from a misapprehension of meaning, or 
from a confused use of terms, for which the ambiguities of 
language give abundant scope. Especially in long and 
involved reasonings, the force of terms is often uncon- 
sciously modified, and even entirely changed, or inconsistent 
juc^ments are accepted, with the result of invalidating the 
argument ; but, at no stage of the process does the reasoner 
consciously accept a contradiction. 

As always operative in thought, the Laws of Thought 
are laws in the scientific sense of uniformities ; when 
applied practically to govern and test arguments, they 
are laws in that other sense of the word in which we speak 
of laws of the land. They are Postulates of Elnowledge 
because they are involved in all attempts at interpreting 
experience, that is, they are assumptions "without which 
thought cannot even begin the work of reducing to order 
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the chaos of sense impressions. Into the justification of 
these postulatos logic does not enter. It assumes them 
because it finds them assumed in every piece of correct 
thought, and it aims at expressing them as perfectly as 
possible. 

"With regard to theii’ number, formal logicians have 
generally recognised only three such laws of thought — the 
Principles of Identity, of Contradiction, and of Excluded 
Middle, for they only are impHed in thought considered 
narrowl}' as simply consistent mth itself. But for the 
wider view now adopted in which logic deals with the 
attainment of truth about reality there is needed a foui-th 
principle — ^that of Sufficient Eeason. 

2. The Principle of Identity. — The simplest state- 
ment of this law is the formula A is A, or, as Leibniz 
put it, “ Everything is what it is.” It demands that, 
during any argrunent, we use each tenn in one unvaried 
meaning. 

No difficulty can be experienced in understanding, and 
assenting to, such propositions as 71 is A, B is B. But 
they convey no real information. To say a thing is itself 
tells no more about it than does the bare mention of its 
name. Identitj'- must be interpreted in such a way as to 
cover such propositions as A is B, which we ai’e continually 
making, and which experience tells us are justified by 
facts. We say “ G-old is yellow,” “ Lions are fierce,” and 
such statements are capable of conveying real informa- 
tion. No doubt such propositions imply the foim A is A. 
“ Grold is yellow,” does not mean that aU yellow things 
are gold — that is, that gold and yellow are convertible 
terms; nor yet that gold is any yellow, but onlj- gold- 
yellow. But this analysis is not actually made in thought, 
nor is it necessary. Identity is really expressed in the 
proposition A is B, viz. the identity of the things to which 
both names, A and B, can be applied. ' 

But this identity is expressed amidst a diversity of mean- 
ing ; the two names have not the same signification, and, 
hence, the proposition, in which they are conjoined, is 
capable of giving real information. In truth, it is only 
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amidst some diversit}'^ that ive know identity at all. I am 
tlie identical person I was ten years ago, and yet I have 
changed ; individual men all differ from each other in 
many points, 3 ’^et all share in the common nature of 
humanity. 

When, then, we say A is A, we mean that a thing remains 
itself even amidst change, and that a common nature is 
manifested in different individual instances. In this sense 
the principle is the fundamental justification of the affinn- 
ative judgment. 

3. The Principle of Contradiction.— This Principle, 
which would he better named The Principle of non- 
contradiction, is most simply expressed by the formula 
A cannot hath he B and not he B. 

On this axiom, together with that of Identity, is based 
all immediate inference from affirmative propositions. It 
denies that the same thing can, at the same time, both possess 
a certain attribute and not possess it; and, as thought 
must be self-consistent, that we can conceive a thing as at 
once both possessing and not possessing the same attribute. 
The same statement cannot'’be, nor can we conceive it as 
being, at the same time both true and untiue ; nor can the 
same thing at once be strong and yet not be strong. Dif- 
ferent parts of the same object may, of course, possess in- 
compatible attributes; one end of a bar of iron may be 
hot and the other, in common parlance, cold, but the same 
end cannot at once both be hot and not be hot to the same 
person; and our propositions must refer to the same end, 
as otherwise, not being made of identically the same 
subject, they would not be contradictory of each other. 
Similarly, the same end of the bar may at one time be hot, 
and, at another time not be hot; but there would be no 
contradiction in asserting this, for judgments referring to 
the same subject at different times are not the same 
judgment. 

A judgment does hot change with time, but once true is 
always true. Contradictory judgments, therefore, must 
refer to identically the same subject at identically the same 
-time ; they must assert incompatible attributes as standing 
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in the same relation, inclnding that of time, to the same 
subject. Of course, there must be perfect sameness of 
sense both in the single terms of the contradictory proposi- 
tions and in their affirmation and negation ; the proposi- 
tions must be contradictories not merely apparently and in 
words but in reality and meaning. 

4. The Principle of Excluded Middle. — The Prin-- 
ciple of Excluded Middle between two contradictory judg- 
ments is most clearly expressed by saying A either is, or is 
not, B. 

This principle of thought has been questioned, and even 
denied, by writers who have confounded contradiction with 
other forms of incompatibility, especially contrariety, as 
e.g. hot and cold, happy and miserable. But, while con- 
trary terms mark the utmost possible divergence, con- 
tradiction is simple negation. There are, of course, many 
intermediate stages of grey between the contrary attributes, 
black and white; and many varying degrees of warmth 
between the contraries, hot and cold. There are, then, 
many alternatives besides the propositions, This paper is 
white — ^this paper is black. This water is hot — this water 
is cold. But there is no third alternative whatever be- 
tween the contradictoiy assertions, This paper is white — 
this paper is not white, This water is hot-— this water is 
not hot. 

It has been urged, as proof that ctntradiction is not 
thus exhaustive, that there is a mean between plus and 
minus, viz. zero ; but here again, we have contraries, not 
contradictories. A mathematical quantity must either be 
positive, or not be positive ; and, if the latter, it may be 
either zero or negative. Similarly, one given thing need not 
be either greater or less than another given thing, because 
‘ greater ’ and ‘ less ’ are not contradictories, and there 
is a mean, ‘ equal to,’ between them ; but a thing must 
either be greater or not be greater than another given 
thing, and, if it be not greater, it may be either equal to it 
or less than it. 

In short, great care is necessary to avoid the confusion 
of judgments whose predicates are contrary terms with 
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those wliose predicates are contradictories ; it is so easy to 
make the negation, Tvhich shonld only deny a strict agree- 
ment in all points, imply a thorough-going and complete 
divergence. If a man is declared not guilty of a certain 
crime people ai'e inclined, thereupon, to attribute to him 
perfect innocence; whereas- there may have been any 
degree of approximation to full guilt which yet fell shorf 
of it. The denial of guilt as the accusation puts it leaves 
open the possibility of some less degree of guilt ; in many 
cases, further enquiry is invited rather than barred. 

The Axiom of Excluded Middle is necessary, in addition 
to those of Identity and Contradiction, to form a basis 
for some forms of immediate and mediate inference. It 
expresses that our power of thought is limited in that we 
cannot help accepting one or other of two reaUy con- 
tradictory statements. 

Of com’se, the same limitation to a definite point of time 
holds here as in the Principle of Contradiction, So, by 
the Principle of Contradiction we are forbidden to think 
that two contradictory attributes can be together present in 
the same subject ; by that of Excluded Middle we are for- 
bidden to think they can both be, at once, absent ; but no 
help is given us to decide which must be present and which 
absent. 

Erom the point of view of language the three principles 
above discussed may be summed up by saying that when- 
ever we use a term we must be understood to use it in its 
full meaning both (1) positively and (2) negatively, and 
(3) it must either bo given or denied to ever^hing what- 
ever. That is, the use of a term asserts all tire attributes 
it implies, and denies all others which are incompatible 
with those; and everything must either possess all those 
attributes or be without some, or all, of them. 

5. The Principle of Snfficient Peason. — The Prin- 
ciple of Sufficient Reason may be expressed in the words 
of Leibniz, who first distinctly formulated it : — “ Whatever 
exists or is true must have a sufficient reason xvhy the thing 
or proposition should he as it is and not otherwise."^ 

J Of. Monadologk, §§ 31-39. 
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Here are two quite different things : (1) the reason why 
an event occurs, (2) the reason why we make a statement, 
and these by no means always coincide. Science attempts 
to explain the former and to accoimt for the occurrences 
in the natural world. This it does by finding what body 
of conditions produces the event; and the relation thus 
estabhshed is known as Causation. But a statement of 
an event may be justified in other ways. For example, if ' 
I find the ground covered with snow in the morning, I say 
it has been snowing during the night ; the reason for my 
statement is the presence of the snow. But this is the 
effect of the physical causation, and the reason for the 
presence of the snow is to be found in certain meteoro- 
logical conditions of humidity and temperature. 

Thus the physical effect is often the cause of the state- 
ments we make, though, of course, in other cases the two 
causes coincide, and the cause of my statement is also the 
cause of the physical event. 



OHAri’EH III. 


tj:k3is. 

1. Analysis of a Proposition. — Tho simplest elcuioiit 
of tliouglit is the judgment, aud the verbal exprc-'^siou 
of a judgment is a proposition. 'Wlieu a proposition is 
expressed in its perfect logical form it is seen to consist 
of tlnec parts — 

(a ) Something of which the assertion is made, called 
tho Sicbjcct. 

(l>) Something affirmed or denied of tho subject, called 
tho Predicate. 

(c) The verb is, either alone or accompanied by not, 
by means of which tho assertion is made, called 
the Coj)ula. 

The Subject and Predicate are called the Tenns 
(from Lat. terminus, or boundary) of the Proposition. 
The}' are the verbal representatives of tho things, aud of 
our concepts of them, between which tho judgment affirms 
a relation. Both, therefore, must be names of objects 
or of attributes. jC^ames may consist of a single word, as 
‘horse,’ ‘London,’ or of a combination of several words, 
as ‘ The First Lord of the Treasury,’ ‘ Tho House of 
Commons.’ Logic considers names only as actual or 
possible terms of a proposrtiorr. 

2. Table of Divisions of Terms. — ^Terms may be 
divided in various ways according to the point of view 
from which we regard them. The following Table sets 
forth these different divisions, and the principle • upon 
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wMcli each is founded. Of course, each group is ex- 
haustive and independent; every term must fall under 
one or other of the members of each. It may be remarked 
that (i), (ii), and (iii) are the only divisions -which are 
logically important, for they alone are formded on logical 
considerations. 

(i) Individual and General — as names of individuals 
or of members of classes. 

(ii) Gonnotative and Non-connotative — as names cap--. 

able or incapable of definition. 

(iii) Positive and Negative — as names implying the 

presence or the absence of some quality. 

(iv) Concrete and Abstract — as names of objects or of 

attributes and relations. 

(v) Absolute and Relative — as names implying or not 
implying a mutual determination of meaning. 

A further division into Univocal and Equivocal terms is 
sometimes made. But this is enthely a matter of lan- 
guage. Whenever the same word serves as name for two 
or more distinct classes of things— as, e.g., sleeper, w'hich 
may mean either an individual asleep or the support 
of rails on a raihoad — we have logically a plm-ality of 
terms, for the word in each of its meanings is a distinct 
and separate term, representing a distinct and separate 
concept. 

3. Indi-vidnal and General Terms. — (i) An Indi- 
•vidnal Term is one -wMcli can be affirmed in the 
same sense of only one single thing. 

Thus, ‘ London ’ can be used in the same sense of only 
one place, though more than one place may have this same 
name ; ‘ honesty ’ denotes only one quality, though it may 
be possessed by many individuals ; ‘ this book ’ is limited 
to one single volume, and can only be understood by a 
person who knows what particular book the speaker is 
indicating. So, ‘ The present King of England,’ ‘ The 
richest man in, the world,’ ‘ The longest river in Europe,’ 
are aU Singular or Individual names. 
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But nil cxainiiiaiion ol Uieso and similar oxamplos will 
show that, though they arc all names of individuals, yet 
theyditfer from each other in dial, while some of (hem (ell 
us of some quality possessed hy (ho lliing they denote, 
others do not. C)f the latter kind are 'jronesty’ and 
‘ London.’ S\ich terms as honesty will be discussed under 
the head of Abstract Terms. 

(«) ‘London’ belongs to that subdivision of Singular 
Terms called J?ro])cr jVa;j!c.«, xvliich may bo thus defined — 

A Proper Name is an ai*bitrary verbal sign whose 
sole function is to indicate an individual object. 

It may bo thought that such names toll us a great deal 
about individuals ; that ‘ London,’ for instance, tells us 
that the object spoken of is a large city, sitiiated on the 
Thames, the Capital of (ho British Empire, and many 
other particulars about it with which we may happen to 
bo acquainted ; but this is to confuse our knowledge of 
the thing, obtained from all kinds of sources, with the 
meaning implied by the name. The word ‘ London ’ in- 
forms us of none of those things ; it may niggcsi them by 
association of ideas, in the same way as hearing a song 
which we have hcai-d before may suggest the room in 
which we first heard it or the person who then sang it; 
but ‘Loudon’ no more means these suggested particulars 
than the melody of the song means a place or person. 

Caro must then bo taken to distinguish between impli- 
cation and suggestion. Suggestion is purely a psycho- 
logical fact. Logically, the point is that a proper name 
is not given as implying a certain meaning, that is, on 
account of the possession of certain attributes, but as a 
mark of recognition. 

The fact that more than one object may receive the 
same Proper Name does not disprove the assertion that all 
such names are singular or individual. Thousands of 
men may be named Brown, and the same name may be 
borne by many dogs, horses, and other things ; for instance, 
a town could be named Brown as appropriately as Wash- 
ington, Gladstone, or Peel, all of which names are thus 
employed. But the name is given to no two of these 
objects in the same sense. As it is simply a mark of 
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identification, it does not matter logically to liow many 
people or tilings it is applied. 

(6) Significant Individual Terms. Proper Names are 
the simplest singular or individual terms. But the in- 
dividual things yve may ivish to refer to are too numerous 
for us to give each of thfem a Proper Name of its ovrn, 
and, sometimes, -when a Proper Name has been given it is 
mi 1m own to US. We are, therefore, often driven to use a 
General Name ^vith a limiting -word to malce definite its 
applicability to only one object. 

The simplest means of doing this is to use a demonstra- 
tive word — as This pen is bad ; Let us go for a walk by the 
river. Here we are, in both cases, referiing, in a perfectly 
determinate sense, to only one object, and the name is, 
therefore, singular. No doubt, in the latter case, the 
river has a Proper Name of its own ; but in speaking of 
very familiar objects we often use such a limited General 
Name in pi'eference to the Proper Name. 

Again, we may use a many-worded name because it is 
our only means of indicating definitely the object to which 
we wish to refer, as its Proper Name may be unknown to 
us ; thus, if we speak of ‘ The inventor of the Mariner’s 
Compass,’ ‘ The witter of the Letters of Junius,’ or ‘ The 
man in the Iron Mask,’ we may be using the only means 
in our power of designating the person we mean. 

In other cases, such a many-worded name may be used 
because there can be no doubt as to its application; as 
when we say ‘ The leader of the House of Commons,’ 
or ‘ The present leader of the House of Commons.’ Ee- 
garded from a point of view limited in respect of time this 
name can only refer to one definite person, and is, there- 
fore, individual. Had we said simply ‘ Leader of the 
House of Commons ’ the name would not have been 
singular, but general ; for it could then be applied in the 
same sense to many individuals ; the prefixing ‘ The ’ oi 
‘ The present ’ limits its application so long as we restrict 
ourselves to one point of time. In all such cases, however, 
it is the office, not the individual who holds it regarded 
simply as a man, to Avhich the term primarily refers, and 
such holding of office it really implies. 
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It is ovidout that singular names of this second kind 
have meaning; they are signijicant — for they not only 
point out one member of a vrider class, but, at the same 
time, inform us that it does belong to that class, and has 
at least one attribute •which marks it out from every other 
member of the class. In short the}' are from the point of 
vievv of meaning very like class-names, but the class can 
contain only that one member. 

(ii) A General, Common, or Class Term is one 
■wliioli can be applied in the same sense to each of 
an indefinite number of things ; as book, man, dog. 

Subjectively considered, a General Tci'in is the verbal 
sign of a General Notion or Concept. A Proper Name 
indicates an individual dii'cctly, but a General Name does 
so indirectly, for such a name is given because the indivi- 
duals to "which it is applied, and from an examination of 
•which the concept is formed, possess some attribute or 
attributes in common. The name, then, implies the 
possession of certain common qualities by every indi- 
vidual object "which bears it, and, thus, has a meaning 
in itself. This likeness constitutes the similar objects 
a class, and, hence, a General Term is often called a Olass 
Term. 

It is not necessary for a true General Term that it should 
'be really applicable to a plurality of objects, or indeed to 
any real physical object at all ; it is sufficient for it to be 
poteniially thus applicable; that is, for it to represent 
a possibly real, or even an absolutely imaginary, class of 
things, because of their possession of some common quality 
or qualities. For instance, ‘ Conqueror of England,’ 
‘ Emperor of S'witzerland,’ and ‘ Centaur ’ are true 
General Terms ; though the first is really applied to only 
one historical individual — ^William I., and the second is 
not applicable to any individual at all in the present or in 
the past, though both may, conceivably, have an actual 
application in the future ; "whilst the third is the name of 
a purely imaginary being. 

It is this potentiality of application to a class which dis- 
tinguishes General Terms from the second class of Singular 
Terms ; for the latter, though they are significant — that is. 
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have implicatiou — are not applicable, even potentially, to 
more than one individual. There is thus an antithesis 
betvreen Individ.ual and Greneral Terms, and every term 
must be one or the other. 

Collective Hames are sometimes treated as a separate 
division of terms, co-ordinate with Singular and Greneral, 
but this is not desirable ; for, as has been said, every term 
must, of necessity, be either singular or general. Collective 
Terms are found in each class, and there is, therefore, no 
opposition between them on the one hand and either In- 
dividual or Greneral Tenns on the other. A short examina- 
tion of such terms will make this clear. 

A Collective Hame is one given to a group of 
similar units. It thus implies a plurality in unity ; as 
an army, a flock, a library. ITo group of individual objects 
can receive a Collective Name unless the constituents of 
the group have some bond of resemblance to each other ; 
thus, an alphabet is composed of letters, a navy of ships, a 
library of books, a museum of objects of interest. We could 
find no use for a name denoting a group composed partly 
of ships, partly of books and partly of men, or any other 
fortuitous concourse of heterogeneous objects simply as 
such. No doubt we do at times class together very unlike 
objects, as when we speak of the ‘ contents ’ of a cuiiosity 
shop or museum. But the force of the Collective Term is 
then small, for its only implication is that the objects in 
question are artificially brought together for a particular 
purpose. They have in themselves no common nature. 
The greater the common bond the more useful is the 
Collective Name. If no common bond can be found a 
Collective Term is impossible. 

As a nile, Collective Terms are not Proper Names, but 
a few instances may be found, chiefly among geographical 
names, in which they are. Thus we speak of the Alps, the 
Pyrenees, the Himalayas, the Hebrides, the Marquesas, 
the Antilles, the Orkneys, all of wliich are true Proper 
Names, for they imply no qualities of the groups of natural 
objects to which they are apphed, and are yet Collective, 
for they denote a group of similar units. 

When the application of an ordinary Collective Term is 
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limiled—iu ilio way illusfcraied iu (i) (5) of fliis scdion — 
-to one particiilav iuslnuco of ilic groups it dcnolcs, it 
becomes a Significant Individual Tonn. TIius we can 
speak of ‘ The German Navy,’ ‘ The Greek Alphabet,’ 
‘The Bodleian Library,’ ‘ Tlio British Museum,’ ‘Tlie 
French ai-my which fought at Waterloo.’ 

Without such limiting woi'ds a Collective Term is general 
with regard to the class of which it denotes a member, as 
well as collective in respect of the units of which the group 
is composed. Thus ‘navj’’ is collective as regards the 
ships which fonn it, but general, ns denoting a member 
of the class ‘ navies ’ ; * alphabet ’ collective as indicating 
a group of letters, general as the name of a member 
of the class ‘alphabets.’ We have as time concepts, in 
fact, of navy and alphabet as we have of ship and letter, 
and the former terms imply attributes equally with the 
latter. 

The group denoted by a Collective Term may even itself 
be a unit in a larger group which bears a collective name 
of wider generality; so we may have a series of terms, 
each, except the first, collective as regards the preceding 
one, and each, except the last in generality, forming a con- 
stituent of the group denoted by the following one : e.g. 
soldier, company, regiment, brigade, army. 

Thus the tenn Collective is relative in its meaning. At 
the same time, a General Term, which taken by itself is 
not collective, may, if in the pluinl number, be used in a 
collective sense bj' the prefixing of such a word ns ‘ All ’ 
in the sense of ‘ All together,’ as ‘ All these books weigh 
several tons.’ The true antithesis is, therefore, not be- 
tween Collective and General Terms, but between the 

Collective and Distributive Dse of Terms. — ^When 
we use a term collectively our assertion will only apirl}' to 
the group as a whole; when we use it distributive!}’- we 
assert something about each member of the group in- 
dividually. Thus, if we say ‘ Half the fleet was lost iu 
a storm,’ ‘The regiment was decimated by fever,’ ‘All 
the novels of Thackeray would fill a small bookcase,’ ‘ The 
books filled six large boxes,’ we are evidently using the 
terms which form the subjects of our propositions, whether 
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t.liey are ‘ Collective ’ or * General ’ in a collective sense ; 
and, equally clearly, if we say ‘ The fleet separated,’ ‘ The 
army fled in all directions,’ ‘ All the men were fatigued,’ 
‘ All the novels of Thackeray can be read in a day,’ we 
are using the terms distributively. The full sense of the 
separate words is seen to depend on the context. 

4. Connotative and Won-connotative Terms. 

(i) ’What names are Connotative. — In the last section 
terms were considered according to their applicability to 
one or more objects, but bound up with that division was 
another fimdamental distinction. It was shown that, 
while an individual name may be a mere indicative sign, 
implying no attribute, all names which are applicable 
to a plurality of objects are essentially significant, and 
imply some attribute or attributes possessed in common 
by those objects. This distinction between significant and 
merely indicative names is expressed by the terms Conno- 
tative and Non-connotative, which may, therefore, be thus 
defined — 

A Connotative Term is one which, denotes a thing 
and implies an attribute or attributes. 

A ITon-connotative Term is one which merely de- 
notes a thing. 

When we speak of a thing in this connexion we mean 
anything which can possess an attribute; while under 
attribute we include all that belongs to a thing, not only 
the outward marks by which it is known — as its shape, 
size, coloiu, weight, etc. — but aU its properties and rela- 
tions whatsoever. Thus a ‘ thing ’ or * object ’ is in logic 
anything of which we can make an intelligible statement. 
Whether it is a ‘ thing ’ in the colloquial sense of an 
object we can perceive by the senses, a topic of thought, a 
■wish or desire, matters not. So long as we can think and 
talk about it we may call it a ‘ thing ’ or an ‘ object,’ and 
whatever we may think or say about it we may speak of as 
its attribute. 

From what has been already said, it is evident that all 
General Terms are connotati've, for they all denote — or are 
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ripplicaWo to — certain things, nnd imply that those things 
agree in possessing some attribute or attributes iu com- 
mon ; in iaci’, it is the possession of those attributes •which 
entitles any particular thing to bear the name. Thus, if 
■we use the name ‘ horse,’ 'we not only refer to an indefinite 
number of animals ■which are so styled, but ■we impl}' that 
they all agree in possessing certain ■well-defined charac- 
teristics; ■we should, ■without hesitation, call a horse any 
new animal brought under our notice which possessed 
those attributes. 

■ All those Collective Names ■which are not Proper Names 
are also connotative, for they are general when viewed as 
members of a class; for instance, ‘army’ implies the 
attributes of being composed of soldiers, armed, trained, 
and maintained for -warlike purposes, as well as denotes 
each collection of men which possesses these attributes. 

"When any General Name, whether Collective or not, is 
restricted in ite application by some limiting word or 
phrase, of course its implication is not lost. Indeed, it 
is increased, and thus we have the class of Significant 
Indmdual Names, which, though they denote only one 
object, yet imply the possession of many attributes by 
that one object. Thus, if wo speak of 'a mountain’ we 
imply the attributes ‘ height ’ and ‘ composition of rock ’ ; 
if we add ‘ in Asia,’ we increase the number of character- 
istics, though we limit the number of things to which the 
name applies ; by adding ‘ high ’ we cany both these 
processes a step further; and if, finally, we make the 
term singular, and speak of ‘ The highest mountain iu 
Asia,’ we, manifestly, retain all the attributes pre-viously 
implied, and add to them uniqueness. All these attri- 
butes are implied by the name, and anybody using the 
name must be supposed to intend to convey them to his 
hearers. 

With Proper Names, as we saw, it is not so. They 
indicate individuals, but do not imply any of their quali- 
ties. No doubt many Proper Names were originally 
significant, and implied attributes. Thus, ‘Avon’ in old 
English meant water ; ‘ Jacob ’ meant a supplanter ; 
‘Smith’ or ‘Butcher,’ one who followed a certain trade. 
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Bui to deduce couuotation from tliis origiual descriptive 
cliaracter is to confuse connotation witli etymology, Witli 
surnames there is a voiy strong suggestion, amounting 
almost to implication, of family relationship. But as a 
surname can be changed at null, it seems clear that now, 
at any rate, its true function is merely to distinguish the 
individual, and that it has no necessary implication of 
meaning. 

TVhen the Proper hlame of some typical person is used de- 
scriptively — as when we speat of ‘a Nero,’ ‘a Napoleon,’ 
‘ a Cicero ’ — it imphes by a metaphor the possession in 
a marked degree of certain qualities. It is, therefore, 
logically no longer a Proper Name. It has become 
General. 

Wlien, then, we grasp the distinction between impHca- 
cation and suggestion, we see that the definition given in 
the last section of a Proper Name as ‘ an arbitrary verbal 
sign ’ is strictly accurate, or, in other words, that Proper 
Names are non-connotative. 

The only class of names which remain to be esainined in 
this connexion is that of Abstract Names, and it wiU be 
more convenient to postpone our consideration of the 
nature of those terms.' 

(ii) limits of Connotation. — ^AU the attributes directly 
implied by a name foim its Connotation. This does not 
include all those which are common to all the members of 
a class denoted by a General Name, but only those on 
account of the 2'>ossession of lohich the name is given, and 
wanting any of which it would he denied. 

To include in the connotation of a name all the attri- 
butes common to the members of the class of which it is 
the name, whether these attributes are known or not, would 
have many logical inconveniences. It would divorce con- 
notation from definition, and make connotation a matter, 
not of knowledge, but entirely of objective existence, and 
it is only with such existence as known that logic is con- 
cerned. If, to avoid this objection, connotation were made 
to embrace all the hnoivn attributes common to a class, 
then it must be pointed out that some of these cannot bC 
' Cf. pp. 35-37, 48-49. 
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regarded as essential; for instance, an animal wliicli 
cliewed tlie cud would loe regarded as a niminant, even 
tliougli it did not agi'ee with most Imown ruminants in 
possessing cloven feet. The name cannot, therefore, ho 
said, strictly speaking, to imply the possession of that 
attribute. 

Again, some attributes are derivative from others. 
Thus, that an eqmlateral triangle is equiangvdar is an 
attribute derivable from those primary ones which the 
name directly implies.- It is most convenient, however, 
not to regard such attributes as forming part of the con- 
notation, as that would bo to confuse primary with se- 
condary implication. 

It must bo granted that the limits of connotation are 
conventional. But it is essential that terms should have 
as fixed and definite a value as possible at any given time. 
This value is not determined by the Imowledgo of any 
particular person of the qualities common to the class, but 
by agreement between competent students of the particular 
subject. 

(iii) Difficulties of assigning Connotation. — This, 
however, is somewhat vague and promotes occasion for 
dispute. Such disputes deal with what ought to bo de- 
manded of an object before the class-name is given to it, or, 
in other words, before it is recognised as that particular kind 
of thing. In a sense they are verbal, as they are occupied 
ivith the right use of words. But in a yet deeper sense 
they are much more : for such right use depends on 
accurate knowledge of reality. Ultimately agreement is 
reached, and the result is expressed in that form of brief 
statement we Imow as a definition. So we are all quite 
clear as to the connotation of ‘ square,’ ‘ triangle ’ ; many 
botanists are equally clear as to the implication of the 
names of many classes of plants. But thei'e are many terms 
about which agreement has not yet been reached. As the 
decision of connotation thus rests on gi-owing knowledge, 
it is plain that at all times the connotation of terms must 
be subject to revision should occasion arise. 

(iv) Denotation of Terms. — Evidently significant 
names may be viewed in two lights — their implied mean- 
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ing or connotation and tlieir range of application to a 
number of objects. This latter aspect is called their 
Denotation, -which may, therefore, be defined as the num- 
ber of things to which the term is applicable in the same 
sense. 

From what has been already said it is clear that the 
denotation is logically fixed by the connotation; objects 
receive a certain name, and so form part of the denotation 
of that name, because they agree in its connotation. 
bTevertheless, practically each helps to determine the other. 
The connotation expresses the concept which is formed 
after an examination of part, at least, of the denotation ; 
and, at all times, not only is the connotation likely to be 
modified by an increase in the denotation, but also con- 
versely, making the connotation more definite or more 
elastic may decrease or enlarge the denotation. In truth, 
neither is absolutely fixed, though, for the pui-poses of 
Formal Logic, it is necessary to regard the connotation as 
strictly invariable throughout the same argument, or the 
Law of Identity would b^e -violated. 

As all terms must refer to something they must aU have 
denotation whether they have connotation or not, though 
in the case of Proper Names and of some Abstract Names 
the denotation is reduced to the least possible limit — the 
unit. 

When we speak of creatures pmely fabulous, as diyads, 
centaurs, or griffins, their denotation must be sought in 
the appropriate sphere of existence — that of mythology, 
fable, or heraldry, as the case may be. This is, of course, 
using the word ‘ existence ’ in a somewhat -wider sense 
than is common in ordinary speech, but it does no violence 
to it, and the extension is necessary to enable it to include 
entities having an existence only in thought or fancy, such 
as the characters of romance. As has been said, a ‘thing’ 
is anything we can think or talk about. 

In speech a term is modified and generally limited by 
the context expressed or understood, and thus both speaker 
and hearer often tacitly restrict the application of the term 
to some portion only of its possible denotation when taken 
alone. If, for instance, we say “ Everybody says so,” we 
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certainly do not intend the term ‘ everybody ’ to be taken 
in its f uU extent so as to embrace all the inhabitants of the 
■world ; 'we probably refer, and are imderstood to I’efer, to a 
vei'y few persons. It is important, therefore, to bear in 
mind that 'terms are continually joined together into pro- 
positions in a sense narrower than the words taken by 
themselves would warrant, and that such propositions are 
only intended to apply •within this limited sphere. This 
sphere is called the Universe of Discourse. 

(v) Relation between Connotation and Denotation. 
— ^As connotation implies attributes, and denotation refers 
to the individual objects which possess those attributes, 
and which usually form various sub-classes, it is evident 
that, as a general rule, an increase in either will cause 
a decrease in the other. As we augment the number of 
attributes implied by a name we diminish the number of 
things to which that name is applicable, for. we exclude 
some of the sub-classes ; there are, for instance, fewer white 
horses than horses. Conversely, if we wish to include 
under a name a group of things not before included under 
it, and so to enlarge the borders of the class which the 
term denotes, we can, usually, do so only by remo'vdng from 
the implication of the name those attributes which before 
marked the difference between the two classes, or, in other 
words, by decreasing its connotation. 

For instance, if we rmite the classes, ‘ white men ’ and 
‘not- white men’ we must omit from the connotation of 
the common term all specification of colour ; similarly, if 
we -wish to include both sailing-ships and steam-ships 
under one common name, we must omit the points of 
difference, ‘sailing’ and ‘steam,’ and retain only the 
term ‘ ship,’ which -will be applicable to all the members 
of both classes but which implies less than the separate 
name of either. In short, generally speaking, the less a 
name imphes, the more groups of things it is applicable 
to, and the more it implies the narrower is its range of 
application. It was shown in contrasting Significant 
Individual Names with Proper Names how the con- 
tinued addition of attributes increases the connotation 
and decreases the denotation of a term, tiU at length 
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the latter is reduced to unity, and the former has become 
the fullest which that term is capable of bearing, so that 
connotatire singular tenus are the most significant of all 
names. 

It cannot, however, be said that connotation and deno- 
tation vary in inverse ratio to each other ; such a mathe- 
matical conception is quite inappropidate. We can speah 
intelligibly of halving or of doubling the denotation of a 
term, but it is meaningless to tallc about doubling or 
halving its connotation ; and even could we do so there 
would be no ratio maintained in the variation of the two 
aspects of the tenn. The application of a term is limited 
by the addition of some attributes much moi'e than by 
that of others ; thus, to add ‘ white ’ to man would not 
limit the denotation nearly so much as to add ‘ red-haired,’ 
for there are many more white men than there are red- 
haired men. 

Moreover, it is not true that an addition to the connota- 
tion of a term ^vill always cause a decrease in its denota- 
tion } for as a name does not usually connote every attribute 
common to a class, the addition to the connotation of any 
number of these common attributes not included in it wiU 
not affect the denotation. There are, for instance, as many 
mortal men as there are men ; so, though ‘ mortal ’ is not 
part of the connotation of man, yet to speak of ‘ mortal 
men ’ does not narrow the limits of the class ‘ men.' Attri- 
butes of things are in nature very often found in groups, 
so that where one is formd others are foimd too ; and it is 
evident that, when this is the case, the addition of any of 
these attributes to the connotation of a term will not limit 
its denotation so long as the one member of the group with 
which they are all connected ah’eady forms part of that 
connotation. To add to ‘right-angled triangle’ the at- 
ti'ibute ‘having the square on the hypotenuse equal to 
the s\un of the squares on the sides ’ brings in no fresh 
limitation, for that attribute is one of a group necessarily 
found wherever the property ‘right-angled’ is joined to 
triangle. There may, thus, be many additions to the 
connotation of a word which will have no effect on its 
denotation. 
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It is, perhaps, scarcely necessary to point out that the 
idea of an opposite variation of connotetion and denota- 
tion is only applicable to classes which can be arranged 
in a series of varying generality, so that each smaller 
class forms a part of the next larger ; such as, figure, 
plane-figure, plaue-rectilineal-figure, plane-tiiangle, plane- 
isosceles -triangle, plane-right-angled-isosceles-triangle ; 
vehicle, carriage, railway-carriage, saloon-i-ailway-carriage, 
first-class-saloon-railway-carriage, first-class-dining-saloon- 
railway-carriage. It would be absurd to say that an 
increase or decrease in the number of members of any one 
class affects the connotation of the class name ; that, for 
instance, the birth of every baby must decrease the number 
of attributes impHed by the tenn ‘ human being,’ and that 
the death of each man, woman, and child, must increase 
that nmnber. It is only when we add an attribute not 
common to the whole class that we exclude some members 
of the class from participation in the class name and so 
decrease the denotation ; or when we introduce into a 
class some things not possessing all the attributes con- 
noted by the class name, that we have to omit part of 
its meaning, that it may cover the whole of this more 
extended class ; and thus we decrease the connotation. 
In short, increase of connotation decreases denotation 
by excluding a whole sub-class : increase of denotation 
affects connotation only when the increase is by the ad- 
dition of a group before excluded, and which now becomes 
a sub-group under the term the meaning of which must 
be widened to include it. 

The terms Intension instead of Connotation, and Ex- 
tension instead of Denotation, are used by many logicians. 

5. Positive and Negative Terms. — ^The formal dis- 
tinction of Terms into Positive and Negative is a particular 
case of the Incompatibility of Terms. All Terms whatever 
loMch imply attributes which cannot co-exist in the same 
subject are incompatible. This incompatibility may be 
expressed either by Contradictory or by Contrary Terms. 
The division into Positive and Negative is the formally 
logical means of marking the first of these. 

I. ii. 


3 
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(i) Contradiction — For two terms to Tie contradic- 
tories it is necessary that they be mntnally exclusive 
and at the same time collectively exhaustive in deno- 
tation ; that is, they must he incapable of being predicated 
at the same time about the same subject, and between them 
they must embrace everything in the Universe of Dis- 
course. 

Formally, contradiction is expressed by prefixing not- 
or non- to the term — ^thus ‘not-happy’ simply excludes 
‘happy,' ‘ not- white ’ shuts out 'white,’ ' not-man ’ 
removes ‘man,’ and in each case the two contradictories 
evidently include between them aU tilings in the universe 
of discom'se. The limitation imphed by the last phrase is 
important. Thus ‘ white ’ and ‘ not-white ’ are not sup- 
posed to embrace all existing or conceivable things : for 
‘not-white’ is meant to apply only to aU colours except 
white, and not to such things as sounds, tastes, hymn-tunes, 
half-holidays, etc., etc. In other words ‘ white ’ and ‘ not- 
white ’ taken together comprise everything within the 
limited universe of colour only. 

Kow the connotation of terms formed by prefixing not- 
or aon- in this way is simply negative ; they imply nothing 
but the absence of the attributes connoted by the teim to 
which they are prefixed. We may say then that a Positive 
Term implies the presence of an attribute or group 
of attributes, and a ITegative Term simply implies 
the absence of the attributes connoted by the corre- 
sponding positive term. 

We may, however, have two contradictories in fact, each 
of which is expressed by a distinct name, and then it is 
necessary to exa min e the facts in order to discover the con- 
tradictory relation between them, since it is not formally 
indicated by the names themselves. Thus ‘ British ’ and 
‘ Foreign ’ are contradictories in the realm of material 
tilings, ‘male’ and ‘female’ in that of living organisms. 
Such pairs of terms are comparatively few in number. 
They all have a connotation which implies the possession 
of certain attributes, and are, therefore, positive. 

Care must be taken not to class as contradictories terms 
which allow of an intermediate idea. For instance, ‘ happy’ 
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and,' unhappy ’ are not contradictories, because they leave 
an intermediate state of indifference between them ; we are 
often neither happy nor unhappy, for the latter word does 
not simply imply the absence of happiness, but, in addition, 
the presence of positive misery. Time contradiction exists 
only where no intermediate idea is possible, e.g. equal — 
unequal. 

(ii) Contrariety. — ^While logical contradictions simply 
negate each other, common speech can do more than this ; 
it can express degrees of divergence, as we saw in the case 
of the terms ‘ happy ’ and ‘ unhappy ’ as contrasted with 
happy and not-happy. When two terms express the 
greatest degree of difference possible in the same 
universe they are said to be Contrary or Opposite 
Terms; thus black — white; wise — ^foolish; strong — ^weak; 
happy — miserable are pairs of contraries. 

The idea of contrariety rests on the assumption that we 
do not simply divide our universe into two classes as in 
formal contradiction, but into a series of groups which 
have no sharply defined boundaries, as pleasant, indif- 
ferent, unpleasant, painful, where the extreme terms are 
contraries. 

Under this head may be included what are sometimes 
called Privative Terms, which signify " the absence of an 
attribute in a subject capable of possessing it.”^ These 
include most of the words formed with negative prefixes or 
affixes, as unldnd, unhappy, and also such terms as deaf, 
blind, dumb, lame, etc. 

6. Concrete and Abstract Terms. 

Relation between Concrete and Abstract Terms, — 
The division of terms into concrete and abstract is founded 
upon psychological and grammatical rather than upon 
logical reasons. It is, however, usual to consider it as 
part of the logical doctrine of terms. The following 
definitions express the difference — 


* Cf. Stock, Deductive Logic, pp. 35 .37. 
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A Concrete Term is tlie name of a whole ohject. 

An Abstract Term is the name of an attrihnte 
considered by itself. 

In the above definition the word ‘ object ’ is used widely 
to denote anything, whether material or not, which can 
be regarded as having a more or less separate existence as 
a whole whose parts or elements are in essential relation to 
each other and to the whole which comprises them. It thus 
includes such ‘ things ’ as Logic and Ethics ; and such as 
point, line, etc., in their strict mathematical sense. 

Abstract Terms are formed by the process of abstracting 
the attention from all the qualities of a thing, except some 
particular one, or group, to which the name is then given. 
Thus, by attending to one quality only of a tree, we form 
the idea of greenness ; by considering only the moral 
quahty of a number of good actions we gain the concept of 
virtue. But it is evident that aU general teims represent 
concepts which are foimed by abstraction ; we must not, 
therefore, regard this process as a sufficient ground for call- 
ing a term abstract. If we did, we must include in that 
class aU terms whatever except Proper Names. A term 
can only be called abstract when it denotes a quality which, 
though it can only exist in some object, may yet be thought 
of apart from all objects whatever. Thus, we can think of 
‘strength’ by itself, although we know there can be no 
strength except as an attribute of strong things; or, of 
■\Trtue, though it cannot exist apart from good actions 

If it be borne in mind that an Abstract Name is not 
simply the name of a quality, but of a quality considered 
by itself, and apart from the objects which possess it, it 
will be immediately seen that adjectives are not abstract 
terms ; for they name qualities only indii'ectly, and con- 
sidered in connexion with the things to which they belong. 
If we say ‘Gold is yellow,’ we do not mean that gold 
is a colour, but that it is a thing which possesses a certain 
colour. It is the colour of gold which we call yellowness, 
not gold itself. ‘ Yellowness ’ is, then, the name of the 
colour or quality ; ‘ yellow ’ is the name of all objects which 
possess that quality. 
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Whether a name is abstract or concrete ■mil often depend 
on the sense in ■which it is ■used ; for the same word may be 
concrete in one sense and abstract in another. The im- 
portance of the distinction between concrete and abstract, 
however, from a logical point of view, lies in those pairs 
of terms wherein one is the abstract and the other the 
related concrete, as strong, strength ; man, humanity ; 
square, squareness ; etc., and in these cases there can never 
be any doubt as to which is concrete and which is abstract. 

7. Absolute and Rela-tive Terms. — This division of 
terms is based on the fact that the relations of things 
differ from their other attributes in that they involve 
direct reference 'to more than one object. If, for instance, 
we speak of a man as strong we can confine our attention 
to that one individual, but if we speak of him as a friend 
we must at once extend our view to include some other 
person who stands -to him in the relation of friendship. 
We may say, then, that 

An Absolute Term is a name ■which in its mean- 
ing implies no reference to anything else. 

A Relative Term is a name which, over and 
above the object which it denotes, implies in 
its signification another object which also 
receives a name from the same fact or series 
of facts which is the ground of the first name. 

Each one of such a pair of terms is called the correlative 
of the other. In some cases each coiTelative has the same 
name, as friend, companion, partner, like, equal, near ; in 
other cases the names are different, as parent, son ; king, 
subjects; governor, governed ; cause, effect; greater, less ; 
north of, south of. But they are always found in pairs, 
and they always owe their names to the same fact or series 
of facts. 

It must be remembered that it is the fact that the terms 
imply the relation in which the objects stand to each 
other which makes them Eelative, not the mere existence of 
the relation ; thus a long governs men, but king and man 
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are not con*elatives, for tlie terms do not imply tliis relation ; 
king and subject are correlatives because they do imply it. 
Each member of a pair of correlatives connotes tbe same 
fact viewed from a different standpoint ; paternity and son- 
sbip are not two different facts but tbe same fact viewed 
from two different sides, and connoted botb by parent and 
by son. So, rule and subjection imply tbe same condition . 
of tilings regarded from tbe point of view of tbe ruler and 
of tbe subject respectively. 

Tbe fact or series of facts wbicb is tbe basis of tbe 
relation is called the fundamentum relationis. 



CHAPTER IV. 


THE PBEDICABLES. 


1. Definitioii of PredicaMe. — The Predicahles are 
a classification of the relations of the predicate to 
the subject of a logical proposition. 

They do not express what a term is by itself, but only 
what relation it bears to the subject of the proposition of 
which it forms the predicate. Wo cannot refer any general 
term talren by itself to one definite predicable; for the 
same term must be assigned now to one and now to 
another of the predicables accoi'ding to its relation to the 
subject of which it happens, in any particular proposition, 
to be predicated. 


2. Porphyry’s Five-fold Scheme of Predicables. 
The traditional classification of predicables is that of 
Porphyry, and is closely connected with the subjects of 
logical definition and division. It is as follows — 


Predicables are 


1. Genus. 

2. Species. 

3. Differentia 

4. Proprium 

5. Accidens 


}- of the Subjeofc. 


We will now briefly define these five Heads of Predicables 
or ‘Five Words,’ as they are frequently called, and will 
then consider them more in detail. 

A Genus is a wider class which is made up of 
narrower classes. 

A Species is a narrower class included in a genus. 

A Differentia is the attribute, or attributes, by 
which one species is distinguished from all others 
contained under the same genus. 

A Proprium is an attribute which does not form 
part of the connotation of a term, but which follows 
from it, either as effect from cause or as a conclusion 
from premises. 
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An Accidens is an attribute which neither forms 
part of the connotation of a term nor is necessarily 
connected with any attribute included in that con- 
notation. 

3. Genus and Species. — These are not absolute terms, 
but pui-ely cori'elative. A genus has no meaning apart 
from the two or more species into which it is divided ; nor 
has a species apart fi'om the containing genus. The same 
term may be, at the same time, a species of the next more 
general class, and a genus to the less general classes it 
contains ; no tenn by itseK can be styled a genus or a 
species. Thus, in the example quoted on a previous page ^ 
to illustrate the relation between connotation and denota- 
tion of terms, each iatennediate term is a species to the 
preceding term, and a genus to the succeeding. 

The nearest genus to every teim, of which that term is 
itself a species, is called the Proximwn, or Proximate, 
Genvs. If a term is so general that it is not a species of 
any more general term it is called a Highest Genus or 
Summum Genus ; and if it cannot be fmdher divided into 
species, but only into individuals, it is a Lowest Species or 
Infima Species. 

When a general term is predicated of another general 
term, it is a genus and the subject is a species. For ex- 
ample, in the proposition ‘ The dog is a domestic animal,’ 
‘dog’ is a species of the genus ‘ domestic animal,’ and both 
are general teims. But when a general term is predicated 
of a singular term, it is a species, for it is under infimae 
species that individuals are directly included. Thus, if we 
say, ‘ This triangle is an equilateral triangle,’ the subject is 
a singular term, and the general term ‘ equilateral triangle ’ 
predicated of it is an infima species since it cannot be fur- 
ther divided except into individual equilateral triangles. 

4. Differentia. — ^It has been pointed out above that a 
species is wider in connotation than the genus under which, 
in denotation, it is contained. The excess of the connotation 
of a species over that of its proximate genus is called the Dif- 

> Seep. 33. 
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fcrentia or Difference of that Sjiecies. Thus, in connotation, 
the sum of genus and diffei'entia gives species. 

It is plain, however, that there can be no such thing as 
an absolute genus or differentia, for the same attribute 
may be differentia in one case and part of the connotation 
of the genus in another. Thus, if wo have three classes of 
things with the respective connotations ah, ac, he, while a 
is the genus of the first two, and h and c differentiae ; h is 
the genus of the first and third, and a and c differentiae ; 
and c is the genus of the second and third, and a and h 
differentiae. 

As the connotation of a general name only embraces 
those of the atti-ibutes possessed in common by the things 
denoted by the name which are explicitly stated in its 
accepted definition, it is evident that a comparison of 
the definition of the genus with that of any species 
gives the differentia of the latter. If ah symbolises the 
definition of a given genus, and ahc, ahd, ahe, the defini- 
tions of species under it, then c is the differentia of the 
species ahc, d that of ahd, and so on. 

5. Proprium. — TJiose attributes winch arc common to 
every individual which hears the class name, and which are 
not included in its connotation, though necessarily connected 
loith it, are called its Fropria or Properties. Propria need 
not, however, be peculiar to the members of this class, for 
they may flow from a part of the connotation which is also 
part of the connotation of some other class name. 

The distinction between differentia and proprium is 
rather founded on the conventions of language than on the 
nature of things ; for there is often no imperative reason why 
some, rather than others, of the common attributes of a 
class should be implied by the class name. Thus, with the 
common definition of a triangle, the attribute ‘ three-sided ’ 
is the differentia which distinguishes that species of plane 
rectilinear figm-es from others, and ‘three-angled’ is a pro- 
prium ; but if we defined a triangle — as the etymology of 
the name, indeed, suggests — as a ‘three-angled figure,’ 
then the attribute ‘three-angled’ would become the dif- 
ferentia, and ‘ three-sided ’ the proprium. 
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This is not so, however, in eveiy case; and, always, 
propria are attributes which flow from the whole, or part, 
of the connotation, either as effect from cause or as a con- 
clusion from premises. Thus, that man is a tool-using 
animal flows from his rationality, as effect from cause — 
the attribute ‘ tool-using ’ is therefore a proprium. That 
the ‘ square on the hypotenuse of a right-angled triangle 
is equal in area to the sum of the squares on the sides 
containing the right angle ’ is also a proprium, because it 
is an attribute common to all right-angled triangles, which 
can be shown, by reasoning, to be a necessaxy consequence 
of the connotation. 

6. Accidens. — In this class are included all those at- 
tributes which are neither coimoted by a teim nor are 
necessarily connected with its connotation ; that is, which 
are included under neither of the heads Genus, Differentia, 
or Proprium. 

We have no real definition of what an Accidens, or 
Accident, is ; we can only say what it is not. An accidens 
may be described as an attribute which can be removed 
from the class, or individual, without necessitating any 
other alteration; while to remove a proprixxm or a dif- 
ferentia would be to destroy the individual, or class, or at 
least fundamentally to change its character. 

There may be accidentia of a class or of an individual, 
and in both cases they may be separable or inseparable. 
An Inseparable Accidens of a class is one which belongs to 
every member of the class. It is, of course, difiicxilt to 
distinguish such accidentia from propria, and a more 
extended investigation into the nature of things is always 
likely to remove an attiibute from the former class to the 
latter. But, where there is no known reason why the attri- 
bute should always be found in the individuals of a class, it 
is called an accidens. Thus, that all Bm’opean ruminant 
animals are cloven-footed appears to be an invariable rule, 
but, as there is no apparent connexion between chewing 
the cud and having a cloven hoof, we regard having a 
cloven hoof as an inseparable accidens of the class Euro- 
pean ruminant. White .was long regarded as an insepar- 
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aWe accideus of swans, “but tlie discovery of black swans in 
Australia bas shown that it is only a Separahlc Accidcns, 
that is, ono not common to every nienibcr of a class. 

When we 'come to individuals the words separable and 
inseparable Lave, necessarily, a somewhat different mean- 
ing, An Inseparable Accidcns of an individual is one 
'idhicli "belongs to him at all times and can never be changed, 
as the date and place o£ a man’s birth, while a Separable 
Accidens is one which is sometimes present and sometimes 
absent or which can bo changed, as a man’s trade, his acts or 
postures. These individual accidentia are of no logical 
importance. 

7. The Tree of Porphyry. — An example of a portion 
of this scheme of Predicables is furnished by a table 
Imovm as the Tree of Porphyry because it was first set 
forth by Porphyry. It is as follows — 


Substance 



Living Being 



Socrates Plato and others. 
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Here we liave tlie summum genus — Substance, and the 
infima species — Man, wbich. cannot be divided into any 
narrower species, but only into individuals. The inter- 
mediate terms down the centre of the ‘ tree ’ — ^Bodj--, 
Living Being, Animal — are subaltern genera and species ; 
that is, each is a genus as regards those below it in the 
list, and a species with respect to those above it. The 
attributes Corporeal, Animate, Sensible (i.e. able to feel), 
Eational, are differentiae which divide each genus into 
species. Of course, the corresponding negative attributes 
are also differentiae, but the species to which they would 
give rise are omitted for the sake of simplicity; their 
existence must not, however, be forgotten, for every genus 
must be divisible into at least two species. 

8. General Remarks on the Predicahles. — With 
regard to this five-fold scheme of Predicables it should 
be noted that no provision is made in it for singular 
terms as predicates. In fact, by the older logicians 
singular terms were never regarded as predicates, and 
such pr oposi tions as ‘George V is the second son of 
Edward VH ’ were looked upon as outside the scope of 
logic. A predicable was only another name for a uni- 
versal : one and the same term regarded in denotation was 
a predicable, as being applicable to several different things ; 
considered in connotation it was a universal, as the 
attributes implied were to be formd in several other and 
different notions. 

When a genus or differentia is predicated, the proposi- 
tion is said to he Analytic or Verbal as the predicate only 
states explicitly part of what is implicitly contained in the 
subject; but when a proprium or accidens is predicated 
the proposition is synthetic or real, as the predicate then 
asserts an additional fact, which no analysis of the impli- 
cation of the subject would reveal. 

Strictly speakmg, a species is only predicated of an 
individual; when the individual is denoted by a Proper 
Hame the proposition is, of coiu-se, synthetic, as the Proper 
Name implies nothing; but when the subject is a Signifi- 
cant Singular Name such a proposition is often analytic, 
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as tlie Significant Singular Name frequently contains the 
species in its connotation. Thus ‘ Socrates is a man ’ is a 
synthetic proposition, hut ‘This great G-reek philosopher 
is a man ’ is an analytic proposition ; for, ‘ philosopher ’ 
implies ‘ man,’ but ‘ Socrates ’ does not. 

There is much that is valuable in this scheme, for all 
classification depends on the formation of genera and 
species, and one of the chief aims of science is to classify 
accurately, and to decide what attributes are essential to 
the inclusion of any individual in a given class. 



CHAPTEE V. 


DEFINITIONS OF TEEMS. 

1. Functions of Definition. — Definition is the ex- 
plicit statement of the connotation of a term, that is, 
of all the attributes, and of those only, -which are recog- 
nised by common agreement of competent thinkers as 
implied by the name. 

Every definition is, therefore, an analytic proposition, 
or, rather, a seifies of analytic propositions, as a ne-w pro- 
position is required to affirm each separate attribute, and 
in eveiy one of these propositions the predicate simply 
states in so many -words what was already implicitly con- 
tained in the subject. . A complete definition -wUl exhaust 
the total number of analytic propositions that can be made 
with the defined term as subject, for it -will state its whole 
connotation. Moreover, each one of these propositions 
must be universal, that is, the predication must be made 
of every one of the things denoted by the subject term ; for 
the deMition must necessarily be applicable to each object 
wliich bears the class name. 

Were the logical assumption that all words have exactly 
the same distinct meaning for all who use them universally 
true, definition would be unnecessary. But our ideas are 
often clear without being distinct or adequate ; that is, we 
can apply a name accurately enough to the things denoted 
by it -without having distinctly present to our minds all 
the attributes on account of which it is bestowed upon 
them. The use of definition is to give distinctness to these 
clear ideas and to make them adequate — to enable us not 
only to use the name accurately as regards its denotation, 
but to employ it with an intelligent apprehension of its 
exact imphcation. 
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DEFINITION PEE GENUS ET DIPFEEBNTIAM. 


It is evident, then, that to form a good definition is a 
work of no small difficulty, and one calling for no small 
sagacity. It involves careM observation, comparison and 
analysis of the things observed, abstraction of the mind 
from their differences, and generalisation, besides the 
power of distinguishing primary from derivative qualities. 
In short, the definition is the perfecting and completion of 
the process of conception. 

Moreover, the preliminary process of seeking for a defi- 
nition is often more impoifant than the finding of it. 
“What we gain by discussing a definition is often but 
slightly represented in the superior fitness of the formula 
that we ultimately adopt ; it consists chiefly in the greater 
clearness and fulLaess in which the characteristics of the 
matter to which the formula refers have been brought 
before the mind in the process of seeking for it, Wfile 
we are apparently aiming at definitions of terns, our atten- 
tion should be really fixed on distinctions and relations of 
fact. These latter are what we are concerned to know, 
contemplate, and as far as possible arrange and systema- 
tise. . , . And this reflective contemplation is naturally 
stimulated by the effort to define ; but when the process 
has been fully perfoxmed, when the distinctions and 
relations of fact have been clearly apprehended, the final 
question as to the mode in which they should be repre- 
sented in a definition is really — ^what the whole discussion 
appears to superficial readers — a question about words 
alone.”* 

Definition is thus essentially practical, and is, therefore, 
a part of Applied Logic. Its uses are twofold. The first 
and most obvious is to give precision to indefinite know- 
ledge ; the second is to make clear the exact sense in which 
in any given exposition or discussion a term is to be used. 
The former may be called its use to the learner ; the latter 
is its logical function. 

2. Definition per Genus et Difiierentiam. — In un- 
folding the complete connotation of a name it is often 
practically impossible to express it in terms which denote 

* Sidgwick, Principles of Political Economy, pp. 49-50. 
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simple attributes only; and, in nearly eveiy case, to do 
so "would mate the definition needlessly long and involved. 
It is always allowable to employ terms expressive of 
groups of attributes. Hence we have the time-honoured 
rule that definition should be per genus et differeniiam. In 
mentioning the genus we use a tenn which implies all the 
attributes common to the species whose name is the term 
to be defined and to all other co-ordinate species of that- 
genus ; by adding the differentia, we complete the state- 
ment of the connotation by giving those attributes which 
differentiate that species from all such co-ordinate species. 
In other words, when we have to define a term, we fii'st 
decide what class of things it belongs to, and then we 
mark the attribute, or group of attributes, which dis- 
tinguishes it from other members of that class. The name 
of the class is the genus, the distinguishing attribute, or 
group of attributes, is the differentia. 

The genus selected must be a proximate genus, ‘ as, 
otherwise, our definition will omit part of the connotation 
of the term we are defining. If, for instance, we defined 
‘ man ’ as ‘ rational being ’ we should omit the attributes 
connoted by the word ‘ corporeal,’ and oui' definition would 
allow the name to be applied to other possible beings. Or, 
symbolically, if we define a class term whose connotation 
is abed by refening it to the genus a (instead of to the 
proximate genus, a6c), and adding the differentia d, we 
plainly omit the attributes he from our definition. 

It must be remembered that when definition per gemis et 
differeniiam is spoken of, it is not meant that the differentia 
must be a single attribute; it may be a group of attri- 
butes. Each species when refen-ed to any one particular 
genus can have but one differentia, that is, one set of attri- 
butes to distinguish it from the co-ordinate species." 

3. Ii imi ts of Definition. — As definition is the unfold- 
ing of the meaning implied by a name it follows that every 
significant name can be defined, and that the only terms 
incapable of definition are Proper Hames which liave no 


‘ See p. 40, 


* See pp. 40-41. 
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siguification, and singular Abstract Terms -wliicb as tbe 
names of the simple attributes that form the ultimate 
limit of our analysis cannot be expressed in terms more 
elementary than themselves. No vrords can enable one 
■who has never experienced pain or -whiteness to conceive 
what either is. 

Some terms are manifestly much more easily defined 
■than others. Those in -which the connotation is the more 
important element — such as technical tenns, -whose sole 
value lies in an exact meaning — are much more easily 
defined than those in which the denotative element pre- 
dominates. Examples of the latter are the names of most 
common objects — e.g. chair, horse, dog — where we learn 
to apply the names -without any distinct idea of the attri- 
butes connoted by them. That this is the case anyone 
may easily discover who contrasts the ease with which the 
coimotation of such a term as ‘rectangle,’ for example, 
can be stated, -with the difiiculty of -wilting do-wn the 
essential attributes of ‘ dog.’ 

But, though all significant names can be defined with 
more or less difficulty, a great number of such definitions 
can only be regarded as provisional. Eresh advances in 
knowledge may alter our estimate of the relative import- 
ance of attributes, may change propria to differentiae, or 
difierentiae to propria, and so may revolutionise the con- 
notation of the term, and thus necessitate a revised 
definition. In fact, the gro-wth of knowledge trmst cause 
modifications of the definitions of many scientific terms ; 
were they all fixed, science would cease to advance. Dis- 
covery and definition must go hand in hand, and universal 
finality in the latter is not to be looked for ; it could only 
be possible -with complete and perfect knowledge. 

Not only the gro-wth of knowledge, but a change in the 
point of view from which a term is regarded may lead to a 
change in the accepted definition. Examples of this are 
most common in mathematics. Thus an ellipse was- 
originally defined as a conic section -with the differentia 
that the cut goes quite across the cone, not at right angles 
to the axis. But in modem works it is defined as the line 
traced out by a point so mo-ving that its distance from a 
I.L. 4 
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fixed line bears always a certain ratio to its distance from 
a certain fixed point. Then the fact that such a curve is a 
conic section is deduced by a long and intricate argument ; 
it is, in fact, degraded from forming part of the connota- 
tion to the position of a proprium.' 

Again, changes in the denotation of a term caused by its 
appbcation to new classes of objects result in a certain, 
vagueness of connotation, which, of course, reacts on the 
denotation, and gives rise to an indefinite zone, of the 
contents of which it is difficult to say whether they have 
a right to the name or not. This is especially so in the 
use of such words as ‘ capital,’ ‘ wealth,’ ‘ rent,’ ‘ labour,’ 
etc., which are of importance in the sciences which deal 
with social phenomena. Indeed, most common words will, 
if carefully examined, be seen to be more or less vague 
as to the boundary line both in them connotation and in 
their denotation. 

4. Principles of Definition. — A good definition should 
satisfy the following conditions — 

I. It should state neither more nor less than the con- 
notation of the term defined. 

II. It should not he expressed in vague or figurative 
language. 

III. It should not he mere tautology. 

IV. It should not he negative unless the whole meaning is 

negative. 

Or, to sum the rules into one — 

A definition should in its content he (i) adeguate and 
ptrecise ; and in its expression (ii) clear, and 
neither (iii) tazdologoics nor (iv) negative. 

We will now discuss each principle in some detail. 

Principle I. — ^If the definition embraces more than the 
connotation of the term defined it must include either 
some of its propria or some of its accidentia. 

In the cases where either propria or inseparable acciden- 
tia are added to the connotation, the denotation covered 

’ Cf. Dr. Venn’s Empirical Logic, pp. 284-285. 
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by the clefiuition remaiua tbe same as that of the name 
defined ; but tbe veiy fact of adding these extra attributes 
suggests that they are necessary to the true definition ; 
and that, therefore, other objects exist which possess all 
the attributes mentioned except these very ones ; which is, 
in fact, not the case. If, for example, an equilateral tri- 
angle is defined as a triangle which has three equal sides 
and three equal angles, tfis, though perfectly true of all 
equilateral triangles and of no other figm-es whatever, is 
yet a faulty definition ; for it suggests that there are tri- 
angles which may have three equal sides and yet not have 
their angles equal. In aU these cases the definition is 
redundant, and, therefore, wanting in conciseness and 
precision. 

If a separable accidens is added to the connotation of 
a name as part of its definition, a ginver fault is com- 
mitted. this case the definition does not refer to the 
whole denotation of the name defined, for some only of the 
things which correctly bear the name possess the attribute 
in question. The definition in this case is too narrow. 
If, for instance, a triangle is defined as a plane recti- 
linear figure having three equal sides the definition is too 
narrow; for it applies only to a section of the figures 
coiTectly called triangles. The attribute ‘equal-sided’ 
is the differentia which marlrs off the . species ‘ equilateral 
triangles ’ from the other co-ordinate species included in 
the genus ‘triangle,’ and is, therefore, only a separable 
accidens of that genus. Or, if a labourer is defined as 
one who performs manual work for wages the definition is 
again too narrow, as, by the addition of the separable 
accidens ‘ for wages,’ it excludes aU slaves from the class 
laboiuers of which they indubitably form a part. 

If, on the other hand, the definition contains less than 
) the connotation of the name it is too wide, for evidently it 
is applicable to a greater number of things than are in- . 
eluded in the denotation of the term defined. If, for 
instance, an equilateral triangle is defined as a plane 
rectninear three-sided figure the definition includes all 
triangles. In other words it refers to the genus instead of 
to the species only, and is inadequate. 
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In all cases, then, the denotation of the definition must 
he exactly the same as that of the term defined, and 
this can only be secured with certainty by its stating 
all the connotation of the term and nothing else. 

Principle II. — The yiolation of the demand for clearness 
in a definition is known as defining ignohim per ignotius or 
per aeque ignotuvi — explaining the unlcnown by the more, - 
or equally, unlmown. Dr. Johnson’s definition of a net as 
“ a reticulated fabric, decussated at regular intervals ” is 
an amusing instance of this. To say that “ Eccentricity 
is peculiar idiosyncrasy ” or that “ Fluency is an exuberance 
of verbosity ” is, in each case, to give a definition which is 
certainly not clearer than the term defined. 

The so-called definitions which are expressed in figurative 
language are a variety of this fault. To say “ The lion is 
the king of beasts,” “ Bread is the staff of life'” or “ Neces- 
sity is the mother of invention ” gives no explanation of 
the meaning of the terms ‘ defined.’ 

This rule, however, is not violated if a name is defined, 
for the purposes of a special science, in terms which to one 
who is not a student of that science would be less clear 
than the name itself ; as, for instance, if for the pm'poses 
of Conic Sections a cffcle were defined as a section of a 
cone parallel to the base. Definition from its nature 
assumes sufficient pertinent knowledge for the compre- 
hension of its terms. 

Principle III. — The violation of the rule against tauto- 
logy in a definition is called circulus in definiendo, or a 
circle in defining. 

It is evidently no addition to our knowledge of fact to 
‘ explain ’ a term by itself or by a synonym. To say that 
“ Truth is veracity in speech and act” is simply to affirm 
that “ Truth is truth,” and this, though it may give know- 
ledge of the meaning of a hitherto xmknown term, gives 
none of the nature of the thing named. Thus, logically, it 
is perfectly useless. The great number of synonyms in 
English, due to the presence in the vocabulaiy of words 
derived from both Teutonic and Latin sources, offers many 
opportunities for committing this fault; and, it may be 
added, these opportunities are by no means sparingly used. 
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But it is by no means confined to English. TJeberweg 
quotes the follondng example from the German -writer, 
Maass : “ ‘ A feeling is pleasant -when it is desired because 
of itself.’ ‘ We desire only -what -we in some -way represent 
to be good.’ ‘ The sensibility takes that to be good -which 
waiTants or promises pleasure, and affects us pleasantly ; 
— the desires rest on pleasant feelings.’ The pleasant 
feeling is here explained by the desire, and the desire 
again by the pleasant feeling.” * 

It is in cases of long and involved definitions, such as 
the above — where the three sentences are taken from 
different parts of the book — that a ‘ circle ’ is most fre- 
quently found. StiU, it is by no means uncommon -to 
meet -with such ‘ definitions ’ as “ Life is the sum of -vital 
functions,” “ Force is a motive power,” “ Man is a human 
being.” The definition once given by a Church dignitary 
that “An archdeacon is one who exercises archidiacona. 
functions ” is a veiy neat example — in this case, intention- 
ally humorous — of circulus in definiendo. 

There is no tautology when the name of the genus is 
repeated in defining a term which denotes a subordinate 
species which has no distinct name but is specified by the 
addition of some limiting attribute to the name of the 
genus ; as, for example, in defining an equilateral triangle as 
a triangle which has three equal sides. For the species 
‘equilateral triangle’ has no separate name, and is dis- 
tinguished from the species of the genus triangle which 
are co-ordinate -with it merely by the limiting adjective 
‘ equilateral.’ Euclid, before giving this definition, has, 
of course, defined the name of the genus, ‘triangle.’ This 
word when it occurs in the definition of equilateral triangle 
is simply the name of the genus, not that of the thing 
defined at aU ; and the definition is strictly one per genus 
et differentiani. 

From this principle it follows that a term which is the 
name of a simple and elementary attribute cannot be de- 
fined, as it can only be explained by a synonym or liy 
itselO ; for instance, “ White is that attribute of sensible 


1 Logic, Eng. Trans., p. 175. 
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objects wbicb occasions us to experience tbe sensation of 
wbiteness.” We can only, in truth, describe such terms by 
analysing tbe conditions under which the sensations they 
denote are produced. 

Principle IV. — Negative definitions are always less 
satisfactory than those expressed in positive terms, unless 
they are definitions of the names of negative notions, in 
which case they are to be preferred. 

It is, for example, simplest to define an alien as one who 
is not a citizen of the British Empire ; for the name ‘ alien ’ 
represents a notion whose sole differentia is just this nega- 
tive attribute. Any definition of Accidens must also, neces- 
sarily, be of a negative character.’ But, to ‘ define ’ virtue 
as the opposite of vice, or liquid as that which is neither 
solid nor gaseous, is not to say in either case what attri- 
butes constitute the class notion, and are, therefore, con- 
noted by the name ; but to state attributes which are not 
so connoted. This, besides giving no positive information, 
is certain to' lead to indefiniteness. Merely to say what 
a thing is not gives no clear indication of what it is. 

Many of the objections to the indefiniteness of thorough- 
going negative (or infinite) terms apply to negative defini- 
tions." Euclid’s definition of parallel straight lines as 
“those which lie in the same plane, and which, being 
produced ever so far both ways, never meet ” offends 
against this principle, as does his definition of a point as 
“that which has no parts and which has no magnitude,’’ 
This rule of expression is really involved in the first 
principle of definition, for the connotation of a positive 
term cannot be expressed negatively. 

5. Formation of Definitions. — Every definition is the 
explicit unfolding of connotation, and therefore is an 
analytic proposition in which the denotation of the subject 
and predicate may be equated together. But, as we have 
seen, there are difficulties in the assignment of connotation, 
and we may ask on the one hand how far the definition 
explains the nature of a thing, or on the other, how far it 


1 Cf. p. 42. 


* Cf. p. 34, 
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represents a general agreement as to tlie application of a 
name. 

Tliis distinction, however, is more apparent than real. It 
arises from the imperfection of our knowledge. Definition 
is in a sense the end of science, and so long as science has 
yet to discover the essential nature of things its definitions 
cannot he more than approximations to truth. 

Consider the difficulty of determining what shall be 
regarded as differentia and what as pro]}7-ia. In mathe- 
matics the case is comparatively simple. Such a definition 
may be given as will suffice to ensure the construction of 
the figure, and all that can be demonstrated from that 
under the fixed conditions of space may be regarded as 
properties. The same procedure is not open to us in regard 
to natural objects, whether organic or inorganic. The 
process of seeking for a definition involves an examination 
of instances which seem to be of the same land, and the 
recognition that these are instances already implies at least 
an implicit definition, for otherwise they could not be recog- 
nised as such. 

Ideally then it would be necessary to enumerate all the 
characteristics of a species, and to determine which were 
essential, and which were accidental. It is needless to 
dwell on the impossibility of carrying out such a process ; 
yet without it we can never be sure that a characteristic 
of fundamental importance has not been omitted. The 
discovery of such an omission may revolutionise a science. 

Assuming, however, that the enumeration of attributes 
has been made as complete as the state of knowledge makes 
possible, how are we to sort out those which most truly 
represent the nature of a species ? The elimination of 
accidents will not theoretically present much difficulty, 
though in practice it is not always easy. But we need some 
principle on which to divide the essence from the property. 
That which is available in mathematics is not available 
here: we cannot demonstrate the properties of a natural 
object from certain given fundamental characteristics. 
The most that we can do is to choose for the purposes of 
definition those attributes which seem to carry with them 
the largest number of other attributes, whether we can trace 
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a catisal connexion or not. No'n^ sucli grouping is to a 
large extent arbitrary, and when a name is given to a group 
of attributes so determined, and things are called by that 
name according as they possess or do not possess those 
attributes, the definition is rather a statement of the sense 
given to the name than an expression of the nature of the 
thing. 

Tliis is seen even more clearly in the case of terms 
relative to human relations ; as capital, wealth, rent, edu- 
cation, right, justice. These are used in so great a variety 
of ways that for any specific purpose it is necessary, if we 
would avoid ambiguity and misunderstanding, to state 
explicitly the range of application we propose to give them, 
that is, the sense in which we are going to use them. Then, 
of course, our definition is primarily one of the word — 
adapted to a special pui'pose. 

Tet, even in these cases, we do not define the word 
arbitrarily, but always in view of the exact relation it is 
to bear to facts. So the traditional distinction between 
mminal and real definitions — that is, definitions of words 
and definitions of things, is a matter of no logical signifi- 
cance. 

6. Genetic Porm of Definition. — A change in the aim 
of definition has resulted from the theory of descent formu- 
lated by Darwin in his Origin of Species. Species are no 
longer regarded as natural lands with pennauent and de- 
finite but diverse characteristics. They are aclnaowledged 
to be the results of a long descent from a common ancestry 
in which successive modifications have produced all degrees 
of divergence. Could these modifications be exhibited 
completely it would be possible to constinict a genealogical 
tree in which the species would be shown to be members of 
one great family, and their affinities with one another would 
appear at a glance. This gives an important clue to those 
attributes which are essential to the constitution of a 
species, and which will, therefore, be in its definition. 
They will not necessarily be those which are important or 
even essential to the present life of the animal or plant, 
but rather those which best exhibit its origin. Definition 
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vrliicli sets fortli tlie process by wbicb a tiling comes to be 
ivbat it is, and ivliicb is, therefore, based on tbe idea of 
causation, is termed genetic. 

We may also describe as genetic those definitions in 
mathematics ■which indicate a process by which we may 
form a concept of a geometrical figure : e.g. " A cylindrical 
surface is the sm'face marked out by a straight line which 
revolves at a fixed distance round another straight line to 
which it is parallel ” ; or in chemistiy, those which indicate 
the formation of a compound from its elements, e.g. “ water 
is a fluid formed by combining one part of oxygen with 
two parts of hydrogen.” 

7. Descriptions. — ^Definitions should not be confounded 
■with descriptions. In the latter, inseparable accidentia are 
often used, with or ■without some of the propria, to enable 
us to recognise the objects denoted by the name. Such a 
proposition is no more a definition than would bo the act 
of pointing out a member of the class in question and 
saying “ I mean something like that.” Still, description is 
by no means useless, though it is not logical definition. 
It has the valuable function of enabling us to identify 
easily anything which bears the name. The main object 
of definition is ■to make distinct our concepts of things, 
and BO to lead to a greater clearness and definiteness of 
thought and language ; that of description is to furnish a 
rough and ready means of recognition. 

Descriptions are in place in a dictionary where logical 
and scientific de fin itions would be of little use. A scien- 
tific definition of a crocodile would not enable anyone to 
form an idea of its appearance — ^for definition does not 
deal -with appearance but ■with qualities and relations essen- 
tial to that kind of animal, which are not generally closely 
connected ■with its appearance. The function of the 
dictionary is to enable anyone who has not seen a croco- 
dile to realise what it looks like, so it describes it and aids 
its description by a picture. Description, in a word, 
appeals ' duectly to the eye: definition to thought and 
pre’riouB knowledge. 
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1. General ITature of Fallacy. — ^Tlie -svord ‘ Fallacy ’ 
is, like many other -words, very loosely -used in tlie common 
speech of the present day. .Thus, -any false statement is, 
by some persons, included under the term ; “ that men are 
in the habit of walking on their heads, they would say is a 
very obvious fallacy.”* Others include under it any false 
belief, or any mental confusion whatever, no matter what 
its origin. It seems preferable, however, to use the -tenn 
in a more definite manner. It is better not to call a preju- 
dice or a mere inaccurate statement, a fallacy, but to con- 
fine the teim to offences against logical principles more 
or less perfectly concealed. We will, therefore, give as 
our definition : 

A Fallacy is a violation of logical principle dis- 
guised under a slio-w of validity. 

Wherever there is a logical principle there is a possibility 
of offending against it. There are, thus, fallacies incident 
to conception, including invalid definition and division, to 
judgment, -to method, and -to each valid form of inference. 
It must be remembered, however, that the difference 
between these processes is not a fimdamental one, but 
rather one of emphasis. The essence of inference is im- 
plicit in judgment, even as judgment is implicit in concep- 
tion, and is involved in definition and classification. All 
violations of logical principles, therefore, involve faulty 
inference, either implicitly or explicitly, and when those in 
which this fardt is implicit are employed in fully stated 
arguments they lead to further violations of the rules of 
explicit inference. 

We will consider the most usual forms of logical error — 
or fallacy — in connexion with each department of our 

' De Morgan, Formal Logic, p. 23S. 
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treatment. To talce first, tlien, tliose wliich may lurk in 
our concepts, and in tlie use of the terms Tvliick express 
them. 

2. Faults in Definition. — ^Any violation of the prin- 
ciples of definition leads to fallacy through faulty or 
imperfect conception of the force of the terms employed. 
Thought Tvanting in clearness and definiteness is ex- 
tremely likely to become, at some point or other, actually 
erroneous. All fallacies due to any land of ambiguity in 
the terms employed are, thus, at bottom faults of defini- 
tion ; once make the meaning of every term employed clear 
and such fallacies become impossible. 

Under the general head of faulty definition we may 
include several fallacies traditional in logic since Aristotle, 
and which it is still customary to designate by their 
mediaeval Latin names, as well as one wliich is specially 
incident to vague and indefinite conception and which we 
will consider first. 

(i) Concept embracing incompatible attributes. — 
Whenever the meaning of a term is explicitly and clearly 
conceived it is, of coui'se, impossible to include in it incom- 
patible attributes. But when one’s ideas are not clearly 
and definitely set forth, this is by no means impossible. 
Thus we find people arguing about “ an indivisible portion 
of matter,” where the attribute ‘indivisible’ is incom- 
patible with ‘matter’ which implies extension, and, there- 
fore, divisibility. The expression is self-contradictory, 
and can only be used by one whose thought on the subject 
is vague and confused, for no one can hold together in clear 
thought attributes which destroy each other. A logical 
concept of indivisible matter is as much an impossibility 
as one of unequal-equality or unjust-justice. 

Again, all the numerous and varied attempts which have 
been made at ‘squaring the ciiule’ may be set down to 
a faulty conception of ‘incommensurable,’ a conception 
which, indeed, embraces the idea of ‘commensurable in 
terms of an indefinitely small unit.’ 

Similarly many people seem to use the word ‘ infinite ’ 
as meaning finite at a veiy extended limit. Others make 
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‘eternal’ signify enduring througliout a very long time, 
•wliereas tlie very notion of time, emljracing, as it does, tlie 
ideas of before and after, and consequently of beginning 
and end, is incompatible mtb that of ‘eternity,’ "wbose 
true meaning is existence out of time. 

(ii) SIquivocatio or Homouymia. — By a fallacy of 
equivocation is meant one due to tbe use of a "word capable 
of two or more meanings. Traced to its origin, tbis 
implies that tbe concept coiTesponding to tbe word is 
wanting in clearness and accuracy. In other words it is 
a failure in definition. Sucb failure may, of course, be 
reaUy made by bim wbo uses tbe ambiguous term. At 
other times its use is merely a sophistical device, tbe 
person wbo uses tbe term in two different senses trusting 
that tbe change of meaning may escape detection. An 
example frequently given by tbe old logicians is — “Tbe 
end of a thing is its perfection ; death is tbe end of life ; 
therefore, death is the perfection of life” where ‘end’ 
is used in tbe two senses of aim void, finish. Evidently what 
is tine in tbe one sense has no pertinence to tbe other. 
Similarly in “Knowledge is power; perception is know- 
ledge; therefore, perception is power,” we have an am- 
biguous use of tbe term knowledge. 

In sucb examples as these tbe error is obvious and, con- 
sequently, not likely to be committed. But it must be 
remembered that a writer on fallacies is bound to choose 
some, at least, of bis examples of sucb a character that 
every reader will see at once where tbe fallacy comes in. 
Moreover, when an argument is, as it were, reduced to its 
lowest terms, and stated in strict logical form, it is easy to 
see an error, which might well escape detection if it oc- 
curred in a long and more or less involved disquisition, 
with tbe premises, perhaps, far apart. 

Fallacies due to ambiguity of words are, indeed, amongst 
those most commonly committed. As Bacon well says : 
“ Men bebeve that their reason rules over words ; but it is 
also tbe case that words react, and in their turn use their 
influence on tbe intellect.”' 


' Novum Orgamm, I. 69, 
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One of tlie chief sources of ambiguity is that a word 
which has changed its meaning still retains some of the 
associations which were connected with its original meaning. 
De Morgan gives some good examples, one or two of which 
we will borrow. 

“ The word publication has gradually changed its mean- 
ing, except in the courts of law. It stood for communica- 
tion to others without reference to the mode of communi- 
cation, or the number of recipients. Gradually, as printing 
became the easiest and most usual mode of publication, 
and consequently the one most frequently resorted to, the 
word acquired its modern meaning ; if we say a man pub- 
lishes his travels, we mean that he writes and prints a boolc 
descriptive of them. I suspect that many persons have 
come within the danger of the law, by not knowing that 
to write a letter which contains defamation, and to send it 
to another person to read, is publishing a libel ; that is, by 
imagining that they were safe from the consequences of 
publishing, as long as they did not print. ... A similar 
change has taken place in the meaning of the word to 
utter, the sense of Avhich is to give oiit, but which now 
means usually to give out of the mouth in words. As 
yet I am not aware that any person charged with the 
iitterance of counterfeit coin has pleaded that no one ever 
uttered coin except the princess in the fairy tale: but there 
is no saying to what we may come, with good example, and 
under high authority.” * 

Confusion between the etymological and the cununtly 
accepted meaning of a word is, indeed, always liable to lead 
to fallacy. In a discussion as to the meaning of a word, 
an appeal to etymology is really out of court; cmTent 
usage alone must decide the question. 

hTothing is more helpful, and even necessary, for scientific 
— ^i.e. exact — thought than a precise set of terms. The 
moral sciences have no such well-established and exact 
system of technical teians, and it follows that in those 
sciences fallacies due to ambiguity are most easily com- 
mitted. 

Especially is this the case with Economics. Mill gives 
* Formal Logic, p. 243. 
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a good example of such a fallacy wliicli is still quite 
common : " The mercantile public are frequently led into 
this fallacy by the phrase, ‘scarcity of money.’ In the 
language of commerce ‘money’ has Wo meanings : currency, 
or the circulating medium ; and capital seelcing investment, 
especially investment on loan. In this last sense the word 
is used when the ‘ money market ’ is spoken 'of, and when 
the ‘ value of money ’ is said to be high or low, the rate of 
interest being meant. The consequence of this ambiguity 
is, that as soon as scarcity of money in the latter of these 
senses begins to be felt — as soon as there is difficulty of 
obtaining loans, and the rate of interest is high — it is con- 
cluded that this must arise from causes acting upon the 
quantity of money in the other and more popular sense ; 
that the circulating medium must have diminished in 
quantity, or ought to be increased. I am aware that, in- 
dependently of the double meaning of the term, there are 
in the facts themselves some pecmiarities, giving an ap- 
parent support to this error; but the ambiguity of the lan- 
guage stands on the very threshold of the subject, and 
intercepts aU attempts to throw light upon it.”* 

Another ambiguous word is ‘ government,’ which is used 
both to denote the system of laws estabhshed in a nation, 
and the body of men charged with the carrying out of those 
laws. Loyalty to the government in the former sense may 
involve resistance to the government in the latter sense, 
though a tyi'anny would not be willing to acknowledge this, 
and would trade on the ambiguity of the word, trusting that 
the ignominy which may rightly accrue to resistance to law 
will attach to resistance to the men whose mal-administra- 
tion of the law may have become intolerable. 

‘Nature’ is another fertile source of fallacy. What, 
for instance, is “ education according to nature ” ? With 
the seventeenth centuiy winter Comenius it meant seeking 
to base educational method on fanciful analogies drawn 
from the physical world, as, for instance, when he argued 
that because the sun does not occupy himself with objects 
one by one — a tree or an animal — ^but illumines and warms 


* Logic, V., vii., § 1. 
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the -whole earth, therefore, there should bo ouly one teacher 
for each class. * With Eousseau the phrase meant a return 
as far as possible to the condition of unci-vdHsed man, 
‘nature’ being regarded as the condition from -which man 
starts. The same idea is present in the excuse so often 
given for cliildish faults that they are ‘natural.’ On 
the other hand, Plato and all modem idealists -would 
seek man’s tme nature in the ideal towards which civi- 
lisation can only be regarded as a slow progress, and with 
them “ education according to natui-e ” means guiding the 
child in the path of this development in the order and to 
the extent to which a study of psychology shows to be 
possible. 

One frequent cause of the fallacy of equivocation is when 
a writer or speaker uses a word in a definite and perhaps 
special meaning -without taking steps to secure that it is 
imderstood in that meaning. “ It is very difiicult,” says 
De Morgan, “ to avoid this form of the fallacy, without 
gi-ring the meaning of the most essential terms, on the 
first occasions of their occui-rence. It is not uncommon 
to meet with a writer who appears to believe, at least 
who certainly acts upon, the notion that the right over 
words resides in him, and that others are -wrong as far as 
they differ from him. . . . The writers of whom I speak 
. . . treat words as absolute images of things by right of 
the letters which spell them. ‘ The French,’ said the 
sailor, ‘ call a cabbage a shoe ; the fools ! why can’t they 
call it a cabbage, when they must know it is one?’”^ 

This last example leads us to notice that all puns are 
logically instances of this fallacy. Lamb in the Essays of 
Elia quotes the following from Swift’s Miscellanies : “ An 
Oxford scholar meeting a porter who was carrying a hare 
through the streets, accosts him -with this extraordinary 
question: ‘Prithee, friend, is that thine o-wn hare or a 
wig ? ’ ” Similarly, the proof that every cat has three tails, 
because no cat has two tails and every cat has one more tail 
than no cat, -turns on ambiguity of terms. 

It is probably impossible to enumerate aU possible 


* Great Didactic, Oh. 19, 


® Formal Logic, pp, 246-247. 
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sources of ambiguity, and tbe reader will readily suggest 
many others to himself. We will here only notice one more 
in which the ambiguity is rather in a phrase than in the 
separate words of that phrase. Words when united fre- 
quently have together a compound meaning which a mere 
union of their separate meanings will not give. That is to 
say, the force of a word depends partly on the context in 
which it occui’S. Thus, “ a person undertakes to cross a 
bridge in an incredibly short time : and redeems his pledge 
by crossing the bridge as one would cross a street, that is, 
by traversing the breadth. How, though it is true that, in 
general, to cross is to go over the breadth, or shorter dimen- 
sion, yet, in the case before us, the phi-ase is elliptical and 
signifies crossing the river upon the bridge. Hor can it be 
said that this common meaning is incorrect ; that which is 
common and well known is, in language, always coiTect.”^ 

(iii) Figura Dictionis. — The Fallacia Figurae Die- 
iionis or Fallacy of Figure of Speech denoted with Aristotle 
a sophism which might arise from supposing words similar 
in form to be similar in meaning ; e.g. that poeta is of the 
feminine gender because most Latin words with the same 
termination are so. The following invalid argument from 
Mill’s Utilitarianism seems to fall under this head. “ The 
only proof capable of being given that an object is visible, 
is that people actually see it. The only proof that a 
sound is audible, is that people hear it. ... In like 
manner, I apprehend, the sole evidence it is possible to 
produce that anything is desirable, is that people do actually 
desire it.” Here Mill assumes that the meaning of ‘ de- 
shable ’ is analogous to that of ‘ visible ’ and ‘ audible.’ 
But ‘ visible ’ simply means ‘ able to be seen,’ and 
‘ audible ’ ‘ able to be heard ’ ; while ‘ desii-able ’ does 
not mean ‘what can be desired’ but ‘what should be 
desired.’- 

The fallacy has been extended to cover other peiwersions 
of grammar, as in the traditional example : ‘‘ Tl^at a man 
walks on he tramples on; this man walks on the whole, 
day ; therefore, he tramples on the whole day.” This, it 

* Ibid., p. 246. * Cf. Mackenzie, Manual of Ethics, pp. 98-99. 
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will be seen, is only another form of ambiguity in words, 
and the fallacy doss not differ in essence from seguivocatio. 

The most important cases under this head are those in 
which error arises from the use of paronyms or conjugate 
words, as different parts of speech derived from the same 
root. As Dr. Davis points out, “ These have by no means 
similar meanings, e.g. ' Artist, artisan, artful ’ ; ‘ Pity and 
pitiful’ ; ‘ Presume and presumption’ ; ‘ Project and pro- 
jector ’ ; What is ‘ imaginary ’ is unreal, but an ‘ image ’ 
formed of wood or stone is real ; To ‘ apprehend ’ is to lay 
hold on, or to come to a knowledge of, while ‘ apprehen- 
sion ’ often signifies fear or dread.” ^ So, to be ‘ artful ’ is 
not the same as being filled with artistic appreciation ; an 
artful lover is not necessarity a lover of art. 

Mill instances “ the popular error that strong diink must 
be a cause of strength” as an example of this fallacy, and 
one which involves the further fallacy of supposing that 
an effect must be like its cause — using the words in their 
popular sense. People who fall into tliis error should, as 
Dr. Davis suggests, try strong poison ; which is, perhaps, 
exactly what many ardent teetotallers would say they ai'e 
doing. This fallacy, like the last, is an offence against 
the rules of definition, and when employed in syllogistic 
argument gives rise to the fallacy of four terms. 

(iv) A dicto simpliciter ad dictum secuWum quid. 
A dicto secundum quid ad dictum simpliciter. — These 
fallacies ai'e converses of each other, and their essence is 
the confusion of an absolute statement with one limited or 
qualified in some way pertinent to the matter in hand. In 
other words, the essence of the fallacy is a failure to deter- 
mine definitely the force of our terms, that is, it is a fallacy 
in definition. 

The traditional example of the first is : “ What you 
bought yesterday you ate to-day ; you bought raw meat 
yesterday ; therefore, you ate raw meat to-day,” where the 
fallacy lies in not making clear that the ‘ rawness ’ is not 
regarded in the major premise as a relevant circumstance, 
and then assuming it to be relevant in the conclusion. On 


1. L. 


Theory of Thought, p. 270. 
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this example De Morgan remarks : “ This piece of meat lias 
remained uncooked, as fresk as ever, a prodigious time. It 
was raw wken Eeischi mentioned it in the Margarita PJdlo- 
sophica in 1496; and Dr. "Whately found it in just the same 
state in 1826.” ^ 

An example of the converse form is “ Everything which 
is harmful should be forbidden ; wine is harmful ; there- 
fore, its use should be prohibited,” where the conclusion 
omits the tacitly imderstood, but very relevant, condition 
in the given minor premise of immoderate use. 

Under the same head must be included arguments which 
illicitly conclude from a statement qualified in one way 
to one qualified in another way. These may be called 
fallacia a dido secundum quid ad dictum secundum altertim 
quid. An example would be to conclude from the assertion 
— whether true or not — that to take life in sport is cruel, 
therefore, to eat flesh from which life has been taken by 
others is to show a cruel disposition. This is to infer 
from one special case to another special case differing 
from it in cii-cum stances distinctly relevant to the ques- 
tion of intention, which is the point under discussion. 
“ All the fallacies which attempt the substitution of a 
thing in one form for the same thing (as it is called) in 
another, belong to this head: such as that of the man 
who claimed to have had one knife twenty years, giving it 
sometimes a new handle, and sometimes a new blade.”® 

An amusing example of arguing a dicto simpliciter ad 
dictum secicndum quid is contained in the following story : 
“ A servant who was roastmg a stork for his master was 
prevailed upon by his sweetheart to cut off a leg for her 
to eat. When the bird came upon the table, the master 
desired to know what had become of the other leg. The 
man answered that storks never had more than one leg. 
The master, very angry, but determined to strike his servant 
dumb before he punished him, took him next day into the 
fields where they saw some storks, standing each on one 
leg, as storks do. The servant turned triumphantly to his 
master ; on which the latter shouted, and the birds put 

* Op. cit., p. 251. * De Morgan, op. cit., p. 252. 
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down their other legs and flew away. ‘ Ah, sir,’ said the 
servant, ‘ you did not shout to the stork at dinner yester- 
day : if you had done so, he would have shown his other 
leg too.’ 

More sei'ious instances of the same fallacy are found in 
applications of abstract general rules to particular con- 
crete cases without taking account of any modifying 
circumstances that may exist. It is easy to fall into errors 
of tliis character in the application to special cases of 
general rules of either social or individual life. Hence arise 
many wild assertions on economic and social questions. 
The argument, for instance, that because employment 
of labour is beneficial to the community, therefore, un- 
employed workmen may wisely be set to do work of an 
entu'ely useless character, merely to find them employ- 
ment, is an example of reasoning a dido semndum quid 
ad dictwn simpliciter, as it omits in the conclusion the 
relevant condition without which the given premise is 
false — ^that the work must be productive of some utility. 

So too, the application of the ‘common sense of our 
ancestors ’ embodied in proverbs is very liable to involve 
the fallacy of arguing a dido simpHciter ad dictum secun- 
dtim quid. “ What man has done man may do ” we are 
told for our encouragement; but it scarcely seems to 
follow that each one of us is capable of becoming a 
Shakespeare or a Newton. So “ a rolling stone gathers no 
moss ” scarcely justifies us in inferring that every com- 
mercial traveller must starve. 

De Morgan points out that “ the law, in criminal cases, 
demands a degree of accuracy in the statement of the 
secundum quid which many people think is absurd.” ® He 
then gives two instances which he discusses at length. 

In the first, a man tried for stealing a ham was acquitted 
on the ground that what was proved against him was that 
he had stolen a piece of a ham. In the second, a man was 
committed for perjury “ in the year 1846 ” and the judge 
admitted the objection that it ought to have been “ in the 
year of our Lord 1846,” De Morgan argues — and it seems 

* Bocoaooio: The Decameron. ' ^ Op. cit, p. 252. 
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to US conclusive! j' — that in Ihe latter case the secxnidum 
quid is unessential, for "as things stand, there is no 
imaginable difference : for there is only one era from Avhich 
we reckon.” ' • But in the former case the difference between 
the two descriptions is material. For suppose that the two 
descriptions were put before two different persons. " One 
is told that a man has stolen a ham ; another that he has 
stolen a jDart of a ham. The first will think he has robbed 
a provision warehouse, and is a deliberate thief : the second 
may suppose that he has pilfered from a cook-shop, 
possibly from hunger. As things stand, the two descrip- 
tions may suggest different amounts of criminality and 
different motives.” " 

(v) Compositio and Divisio. — The fallacies of Oo7n- 
27osition and Division ai'e converses of each other, and are 
most conveniently considei'ed together. The error consists 
in joining together things which ought to be kept separate, 
or in separating those which ought to be kept conjoined. 
In other words, there is confusion between the collective 
and the distributive use of terms.^ To take Aristotle’s 
example: “Two and three are even and odd; two and 
three are five ; therefore, five is even and odd ” ; which 
commits the fallacy of composition. Similarly, three and 
five are (together) four and four (together) ; but neither 
three nor five is four; and such an inference would be 
vitiated by the fallacy of division. 

Such examj)les are obvious, but they do not differ in 
essence from the argument given by Mill in support of 
utilitarianism. He says : “ Ho reason can be given why 
the general happiness is desu-able except that each person, 
as far as he believes it to be attainable, desires his own 
happiness. This, however, being a fact, we have not only 
all the proof which the case admits of, but all which it is 
possible to require, that happiness is a good: that each 
person’s happiness is a good to that person, and the 
general hap 2 riness, therefore, a good to the aggregate of 
all persons.” It would be difficult, as Professor Mackenzie 

* Ibid.y p. 254. - Ibid., j>. 253. ^ pp_ 25-26. 

^ Utilitarianism, p. 53. 
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says, “ to collect in so short a space so many fallacies as are 
here committed.” ^ There is a fallacy of equivocation in the 
■word ‘ desii’ahle,’ here used hy Mill in two different senses. 
But it is "with the last part of the argument that 'we are 
now concerned. It is an obvious example of the fallacy of 
composition. Put symbolically it is — A desires the hap- 
piness of A, B that of B, G that of G, etc., therefore A 
desires the happiness of -f B -f C, so does B, and so 
does G, which is about equivalent to arguing in mathe- 
matics that ax -p 6_?/ -f C3 = (a + 6 -}- c) (a: 1 / -f s). 

"The converse fallacy of division seems to lurk in many 
of the arguments brought forward in support of an 
encyclopaedic curriculum for all schools. That a know- 
ledge of this, and that, and the other subject is necessary 
to the community, therefore, that all those subjects should 
be taught to each member of that community, is the line of 
reasoning frequently adopted, as, apparently, by Mr. 
Herbert Spencer in the First Chapter of his book on 
Education. 

The most common form of the fallacy may be reduced 
to an implicit confusion between a disjunctive and a 
copulative proposition. Thus, the spendthrift, falling into 
the fallacy of composition, argues “ I can afford a or b 
or c or . . . z, therefore, I can afford a and h and c and 
. . . z." On the other hand the converse fallacy of divi- 
sion is often found lurking in the argument by which a 
miserly person refuses to subscribe to any charitable object. 
“ I cannot afford to subscribe to a and b and c and . . . z, 
therefore I cannot afford to subscribe to a or b or c 
or . . z.” 

The ambiguity of the word ‘ all ’ is a frequent occasion 
for this fallacy. As He Morgan says : “ It must be 
remembered that the word all, in a proposition, is not 
necessarily significant of a universal proposition : it may 
be a part of the description of the subject. Thus, in ‘ all 
the peers are a House of Parliament,’ we do not use the 
words all the peers in the same sense as when we. say ‘all 
the .peers derive their titles from the Cro-wn.’ ■ In the 

^ See Manual of Ethics, 3rd Ed., p. 219. 
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second case tlie subject of tbe proposition is jieer ; and tbe 
term all is distributive, synonymous "witb each and every. 
In the first case tbe subject is all the 'peers, and tbe term 
all is collective, no more distiuguisbiug one peer from 
another than one of John’s fingers is distinguished from 
another in the phrase ‘John is a man.’ The same re- 
marhs may be made on the word some ; as in ‘ some 
peers are duhes,’ and ‘ some peers .“ire the committee of 
privileges.’ ” * 

The unhappy and ungrammatical custom which has 
grown up of late years of using a plural verb after a col- 
lective noun, even when the action is that of the corporate 
body, as “The Senate recommend that such a com'se be 
pm-sued,” tends to confuse the important distinction be- 
tween statements made distributively and those which are 
only true collectively. 


* Op. ciL, p. 248. 



CHAPTER Vn. 


DIVISION AND CLASSIFICATION. 

1. Logical Division. 

(i) General Character of Logical Division — Logi- 
cal Division is the analysis of the denotation of a 
term. 

By this is not meant an enumeration of the individuals 
•which form the class of "which the term is the name, but a 
statement of the sub-classes into -which that class can be 
dmded. In other words, it is the splitting up of a genus 
into its constituent species. 

The genus which is divided is called the totuni divisum, 
or divided whole-, the species into which it is analysed 
are styled the membra dividentia or dividing members. 
In dmding a genus we think of an attribute which 
is possessed by some of its members and not by others, 
and this suggests the fundamentum divisionis, or basis of 
the division. 

The same genus may obviously be divided on several 
different bases into different sub-classes, according to the 
attributes on which the di-vision is founded. Thus, triangles 
may be divided into equilateral, isosceles, and scalene, 
where the basis is the relation of the sides to each other in 
length; or into right-angled, obtuse-angled, and acute- 
angled, where it is the size of the angles. So, the various 
divisions of terms are analyses of the same genus on differ- 
ent bases. When the same genus is thus dmded in 
different ways the process is called Go-division-, and the 
classes obtained by co- di-vision more or less overlap each 
othei', for every member of the genus must fall into one 
class in each division, and the classes obtained on one basis 
■wiU not'correspond exactly, if at all, with those resulting 
' 71 



DIVISION AND CliASSIFICATION. 


?2 


[CH. 7 


from another. If they did coincide the supposed different 
bases ivould really be one base. 

"When the classes resulting from an act of division are 
themselves again divided into their sub-classes vre perform 
an act of Siih-division. These sub-classes may be again 
sub-dmded, and so the process may go on till we reach 
infnnae species — classes, that is, which are only capable of 
being split up into individuals. 

Of course, in every step of a sub-division, we must have 
a new basis of division, for each step exhausts its own basis. 
Thus, having divided triangles into equilateral, isosceles, 
and scalene, it is evident that we cannot sub-divide any 
of these classes on the basis of the relative lengths of their 
sides. But if we tahe a new basis we may continue the 
analysis ; for instance, we may sub-divide both isosceles and 
scalene triangles on the basis of the size of their angles into 
right-angled-isosceles, obtuse-angled-isosceles, acute-angled- 
isosceles ; right-angled-scalene, obtuse-angled-scalene, and 
acute-angled-scalene. Or, if our original basis was the size 
of the angles, then we may sub-divide acute-angled triangles 
into acute-angled-equilateral, acute-angled-isosceles, and 
acute-angled-scalene ; while ilght-angled and obtuse-angled 
triangles may be divided into right-angled-isosceles, right- 
angled-scalene ; obtuse-angled-isosceles and obtuse-angled- 
scalene. 

Every division should be progressive ; it should proceed 
one step at a time, and omit no intermediate species. 
Hence the old logical rule Divisio non facial saltum — Divi- 
sion must not make a leap. If this rule is broken we 
need not be surprised to find that some of the members of 
the whole we start to divide find no place at all in any of 
the members into which we have divided it ; for in omit- 
ting an intermediate class the distinctive marks of that 
class will probably at the same time have been overlooked, 
and thus, individuals having those marks, but not possess- 
ing the distinctive marks of the lower species contained in 
the division, will have been omitted. 

(ii) Logical Bivision is indirect and partially ma- 
terial. — ^But few words are needed to show the utility of 
division. Every subject is treated more easily and com- 
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preliended more thoroughly -when its various parts are 
arranged in an orderly way. Division, in fact, adds clear- 
ness to our notions, as definition makes them distinct. 
As compared with definition, however, logical division 
is a secondary and indirect process, for it is a necessary 
assumption of formal logic that the connotation of a 
class term determines its denotation. We do not select a 
number of objects indiscriminately, and then seek for some 
attributes common to them all, which may form the con- 
notation of the class-name we affix to them. We start 
from the class-names of ordinary speech and from the 
more or less definite meaning attached to them, and then 
include or exclude individuals from that class in accord- 
ance with their possession of, or want of, that meaning. 

^As knowledge advances the meaning becomes more 
definite and exact, and the application of the term is 
in consequence made more precise. This is practically 
much less the actual process in some instances than in 
others, but, formally, we must assume the class to be 
always determined by the connotation and not by the 
denotation. Besides, division must presuppose more or 
less complete definitions of the names of the species into 
which a given genus is to be divided; for it is only by 
appeal to such definitions that we can determine a,fimda- 
mentum divisionis ^ while every definition of a species-term 
per genus et differentiam suggests such & fundamentuvi. 

Hence, we also see that no division can be purely formal, 
that is, involve no appeal to knowledge outside the matter 
given. If we are simply given a genus we cannot even 
begin to divide it ; for, of necessity, the attributes which 
separate one species from another can form no part of the 
connotation of the genus. Every such attribute must be a 
separable accidens of the genus, and can only be known by 
an appeal to sources of information other than the conno- 
tation of the name of that genus. Moreover, for the 
division to be of any practical use, this appeal must be to 
the objects themselves which ai-e included in the genus; 
for only thus can we be sure that we are dealing with 
really existing classes of things. Thus, every division 
contains, at least to some extent, a material element. 
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That element, •without Avhich the formal process cannot 
start, gives the basis of the division. Formal logical 
division, therefore, is inadequate for the purposes of 
modern science, ■which has developed elaborate schemes of 
classification. These, ho-wever, rest on and assume the 
formal principles of the earlier process, just as all thought 
assumes the fundamental postulates of knowledge we 
discussed in Chapter II. We shall do well, then, to con- 
sider division before going on to deal with classification, 
and in domg so we shall be following the order of historical 
as well as logical evolution. 

(iii) Operations somewhat resembling Logical Di- 
•vision. — As a logical division is the analysing of a 
genus into its species it follows that only general terms 
can appear in it. A singular term cannot be divided, for 
it is a name applicable in the same sense to one individual 
only ; and the logical meaning of an ‘ individual ’ is that 
which is incapable of logical division. And the division 
must stop at infimae species ; for to go further would be to 
enumerate indmduals, and this, as has been already pointed 
out, is not logical division. Hence, Logical Division must 
be carefully distinguished from 

(а) Physical Partition, which is the splitting up of an 

individual into its constituent parts; as, for 
instance, a ship into hull, masts, sails, rigging, 
etc. 

(б) Conceptual Analysis, or the enumeration of the 

attributes of a class or of an individual; as 
when we name whiteness, ductibility, mallea- 
bility, etc., as the attributes of silver. 

(c) Distinctio7i of the various vicanings of an egui- 
vocal term-, as when we distinguish between 
‘vice’ meaning a moral fault, and ‘vice,’ a 
mechanical tool. 

In a logical division the genus can be predicated of 
each of the species, and of each individual member of those 
species. This follows necessarily from the fact that the 
definition of the species involves the genus. For instance. 
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if v’e divide animals into men and brutes, vre can predicate 
of each man and of eacb brute tbat be, or it, is an animal. 
In none of these other processes, however, can the whole 
be predicated of the parts. We cannot say ‘ A mast is a 
ship,’ or ‘ Whiteness is silver.’ In the case of Distinction, 
of course the same verbal symbol cau be predicated of each 
of the meanings : ‘ This tool is a vice,’ or ‘ This fault is a 
vice.’ But the same definition — that is, the same conno- 
tation — cannot be so predicated, which shows that it is not 
the_sa7ne logical term which is predicated in each case. 

This illustrates anew what was said before — that an 
equivocal term is reall)' and logically two or more terms.' 

2. Principles of Logical Division. — ^That a valid 
division satisfies the following conditions may be gathered 
from the preceding section — 

I. Ilach act of division must have only one basis. , 

II. The sub-classes must be together co-exten$ive with, 
the whole. 

III. If the division be a continued one (i.e. embrace 
more than one step), each step must be, as far as 
possible, a proximate one. 

Or, more briefly : The division must (i) avoid cross division, 
be (ii) exhaustive, and (iii) step by step. Evidently only 
the first two principles apply to a single act of division ; 
the third refers to the relation of one division to another 
in the same series. 

Principle I. — This principle is fundamental and really 
implies the other two. A division made on more than 
one basis would be worthless. It would be nearly cer- 
tain to include some individuals in more than one sub- 
class, so that the total denotation of the species would 
be apparently 'greater than the denotation of the genus. 
If, for example, triangles were divided into isosceles, 
scalene, and acute-angled, every possible triangle would 
fall into one or other of these classes (for every equilateral 
triangle is acute-angled), but some would fall into more 


‘ Cf. p. 20. 



DIVISION AND CLASSIFICATION. 


76 


[CD. 7 


tlian one ; viz. those which are acute-angled-isosceles and 
those -which are acute-angled-scalene. 

But we have no guarantee that the opposite fault -will 
not be committed and the division be made too narroiv by 
the exclusion of some individuals fi'om every sub-class. If 
we divided triangles, for instance, into equilateral, obtuse- 
angled, and right-angled, we should not, indeed, include 
any individual tAvice, but Ave should exclude all acute- 
angled-scalene and acute-angled-isosceles triangles. Our 
division is too narroAV. Very pi-obably both faults will be 
committed; some individuals will be included more than 
once and others omitted altogether. Thus, if we divide 
triangles into equilateral, isosceles, and right-angled wo 
include right-angled-isosceles triangles, twice, and exclude 
obtuse-angled-scalene and acute-angled-scalene triangles 
altogether. 

It may, indeed, occasionally happen that a division may 
be made on two ostensible bases and yet be practically 
accurate. But it is only in the exceptional instances when 
one attribute solely involves, and is solely involved by, 
another that this can occur. And then, as has been 
said, the two apparent bases are really one. For example, 
a division of triangles into equiangular, isosceles, and 
scalene would be both exclusive and exhaustive ; but that 
is simply because all equilateral triangles, and they only, 
are equiangular, and so the division coincides Avith one 
made on the single basis of the relative lengths of the sides. 
Only when we have but one basis of division can we be 
sure that our sub-classes are necessarily exclusive of each 
other — that no individual can be placed in more than one. 

Princiijle II. — We liaA^e seen that a violation of the 
first principle is apt to lead to a too narrow division, 
that is, to the exclusion of part of the denotation- of 
the whole from each of the sub-classes. In practice the 
same fault may be committed, even if that principle be 
rigidly adhered to; for it is possible to omit one or 
more of the sub-classes in any division. We should get 
too narrow a division, for example, by dividing triangles 
into equilateral and scalene, and omitting isosceles. 

Other examples of too narrow divisions are of men into 
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good and liad, of books into instructive and amusing, of 
objects into useful and ornamental. In suck simple cases 
as these the fault is not likely to be committed, but when 
we are dealing vdth matter as complex as nature continu- 
ally presents to us it requiies great care to ensme that we 
have made a complete enumeration of all the species con- 
tained under a genus. This, of coiu'se, depends on our 
Imowledge. It is only when that is adequate that our 
division really coincides with the distinctions existing in 
the Avorld. And often we do not loiow the degree to which 
our knowledge is complete. So we see that logical division 
really is an arrangement of our thoughts according to our 
Imowledge — an arrangement which may be of any degree 
of coincidence with the sj’stem of natmn. It is here that 
we see both its inadequacy for science and its basic re- 
lation to the classifications of science, which are of neces- 
sity arrangements not only of things but of men’s thoughts 
of things. 

The opposite fault is to make the division too wide ; that 
is to include among the species some objects not denoted 
by the genus. This, again, is not likely to occur in simple 
cases; few, for example, would think of dividing coins 
into gold, silver, bronze, and banlmotes. But an indis- 
tinct apprehension of the connotation — that is, of the 
definition — of any of the terms we employ in our division 
may lead to this fault when we are dealing with complex 
matter. 

It is plain that if this rale is broken we have not really 
divided the genus at all; but either only a part of it — 
when the division is too narrow ; or the genus and some- 
thing else as well — when the division is too wide. In a 
true division the sum of the denotations . of the species 
exactly coincide with the denotation of the whole; and 
only when this is the case has the genus given been 
really and accurately divided. 

These two related principles may be summed up sym- 
bolically. 

If a genus, G, is divided on the basis, D, into the 
species, 8^ - - - Sn, then D appears in each species 

in a special form, dj d; - - - dn. 
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Then tlie first principle gives 


5 , S. Sn 

{=Odi) {=Gd.) {=Gdn) 

And the second demands that in denotation 
+ - - - S„ = G. 

Principle III. — ^This has been already discussed when 
it was remarked divisio non facial saltum, and it was 
pointed out that a violation of it usually leads to a division 
being too narrow. 

3. Division by Dichotomy, — A Logical Division can 
be assured of absolute /or nmZ validity when it proceeds by 
dichotomy, that is by division at eveiy step into a positive 
term and its corresponding negative. This process is 
formally perfect, for it is wholly based on the Principles of 
Contra^ction and Excluded Middle. 

A strictly dichotomous, or bifid, classification can always 
be thus foimed, and it can never violate any of the 
principles just considered. But in relation to real thought 
about real things it lies open to the objections — 

(a) That, at each step, one of the sub-classes — and 
that frequently the largest; viz. that denoted by 
the negative term — is entirely undefined in its 
extent; and, no matter how far the process of 
sub-division is caiTied, the last teim must always 
be formally left thus indefinite. 

(1>) That, in so far as it is formal, it is entirely hypo- 
thetical; the division does not guarantee the 
existence of any of the sub-classes. 

(c) That it is excessively cumbrous. It seems absurd 
to divide a genus into two classes when it evi- 
dently falls naturally into some othei*, and 
equally definite, number of species, and to do so 
obscures the fact that these species are co- 
ordinate. 
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We may illustrate the process by the following 
examples : — 

" (i) 

Men 


1 ^ 

Europeans non-EuropeanS any) 


Frenolimen non-Erenolimen {if any) 


Boldiera non -soldiers {if any) 

(ii) 

Men 


Europeans non-Europeans {if any) 


Asiatics non-Asiatics (t/ ant^l 


Africans non-Africans {if any) 


Americans non- Americans {if any) 


Polynesians non-PolyneaianS (if any)^ 


It is evident that these, like all other divisions, in so far 
as they are not hypothetical, have material bases. It is by 
appeal to the matter that we know that some men ai*e 
Europeans. Even then, the existence of non-Europeans 
is hypothetical unless we make a further appeal to outside 
matter. Similarly, ‘ Frenchmen ’ is not part of the con- 
notation of Europeans — we must again appeal to fact. 
Every step is, therefore, either partly material, or wholly 
hypothetical, and it is evident that a purely hypothetical 
division is of no practical use. 

* Of. the Tree of Porphyry, pp. 43-44. 
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In all strictly dichotomous division ive must, at least, 
finish vrith a hypothetical term of wliose existence, or non- 
existence, the division leaves us absolutely ignorant. Every 
division may be reduced to dichotomy, but, as ivas said 
above, it is absurd to do this when we know definitely the 
number of sub-classes to which our basis of division will 
give rise. Thus we may make the division 

Triangles 


equilateral non-equilatcral 


isosceles non-isosceles 


scalene non-scalene [if any) 

We know that the last class does not exist, for equi- 
lateral, isosceles, and scalene form a complete enumeration 
of the species of the genus triangle on this basis of 
division, and these species are co-ordinate. This shows, 
however, that every division on one basis into more than 
two sub-classes may be expanded into several successive 
divisions on slightly different bases. But to do this 
obscures the fact that they are co-ordinate in relation to 
the original genus. 

Dichotomy may at times be found a useful mode of 
testing the validity of a division — particularly in discover- 
ing whether it is exhaustive — and in finding the position 
of any assigned class. Thus, in the Analytical Key pre- 
fixed to Bentham’s British Flora, which is intended to 
enable anyone who has a specimen of a certain plant 
before him to discover its species and its technical 
name, the arrangement is nearly entirely dichotomous, 
and, for such a purpose, this form is the most useful. 
But to adopt dichotomy as a fined arrangement would 
be absurd. A botanist, for example, starts at once with 
three classes of the sumimmi genus ‘plant,’ viz. exogens, 
endogens, and acrogens, and each of these is sub-divided 
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into varying numbers of orders, and these again into still 
further varying numbers of genera, and so on, with little 
or no regard to dichotonijj', the object being to make the 
classification agree with the distinctions existing in the 
plants themselves. 

It may be added that every definition per genus et 
differentiam suggests a division by dichotomy, and, con- 
versely, every such division supplies us with a definition 
of that kind. 

4. ITatxire of Classification. — We have seen that 
logical division is the analysis of the denotation of a term 
as far as possible on formal gro\mds, though all reference 
to material considerations cannot be avoided. Such a 
doctrine can be of little utility by itself : it limits thought 
to its own content, and thus does not prompt it to advance 
in mastery of the real world. But just as definition builds 
on the old formal basis of genus and difference, so scientific 
classification is founded on the principles of formal division. 
It goes beyond it, in that its essential interest is in the 
actual things of the world and their relations to each 
othei', but it does not discard its principles, for if it did 
the organisation of reality it presented would be nullified 
by internal inconsistency. Every classification seeks its 
material in the world, but it only represents that material 
truly if it can also stand the test of formal validity. 

Classification is systematic arrangement, and is thus at 
once the aim of science and, even in an incomplete stage, 
a great help to its advance. It reduces the bewildering 
variety of nature to some semblance of order, seeking to 
group together things according to their likenesses and to 
separate them according to their differences, and that in 
such a way that the gi'ouping may be profitable for the 
purpose in hand. There is no question for logic of an 
actual airangement of real things in space and time. 
That, of course, may be made — as of the objects in a 
museum; but such physical arrangement is only the ex- 
pression in fact of a system already constructed in thought. 
It is with classification in the sense of mental systematisa- 
tion that science, and consequently logic, are concerned. 

I. ii. 6 
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The work o£ classifying tlie real things of the world is 
evidently one of extreme coniplexit}", which can onl)^ be 
accomplished little by little. The most obvious divisions 
have been made in the past and are embedded in language. 
Every general name marks a classing of like things. But 
these classes are not only in many cases somewhat indeter- 
minate in their extent and vague in their outlines, bat they 
generally stand in no definite relations to each other. A 
lexicon of common nouns is in no sense a classification of 
things ; it gives us names of unrelated groups. 

If, then, we take as a starting-point the name of a wide 
class of objects, say ‘plants,’ how shall we proceed to 
group the innumerable plants which exist in the world ? 
Here again the initial work has been largely done for us. 
Language gives us many groupings of individual things of 
very different degi-ees of gene^•alit 5 ^ So we can speak of 
cabbages as well as of vegetables, of roses as well as of 
flowers, of oaks as well as of trees. These were the first 
rough genera and species. The subsuming of them all 
imder the highest genus ‘ plant ’ was a great and fniitful 
step in generalisation. 

Such groupings were originally based on external resem- 
blance ; and the history of science pi’esents many instances 
in which more exact knowledge has removed whole classes 
from one wider group to another ; even from one highest 
genus to another, as when sponges were found to be animals 
and not plants as had previously been assumed from their 
general appearance. 

Moreover, such groupings have been made without any 
particular object. The things are massed together first 
because their similarity in some respect has been noticed. 
But if we set out to think exactly, it is always in reference 
to some special purpose. So we want to group the things 
about which we think in reference to that purpose. If we 
want to classify plants according to their medicinal quali- 
ties we shall take as our basis of division quite different 
qualities from those we should choose were it our object to 
arrange them according to their values as foods for man 
and beast. The former of these would interest the doctor, 
the latter the fai’mer and market gardener. Neither would 
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satisfy tho botanist, who would want to think tho various 
plants in those relations to each other which would indicate 
their origin and descent. This last is, obviouslj', tho classi- 
fication which takes plants just as constituents of organic 
nature ; and it, therefore, best shows their place in the 
general scheme of things. So it would be called the 
General Classification of plants. 

There are, of course, as many such general classifica- 
tions as there are sciences, and they often overlap.^ A 
medicinal classification will, for example, include objects 
from both the plant and the mineral world ; a chemical 
classification covers from its own point of view every 
material object. The old idea of a world made up as it 
were of water-tight compartments, to each of which cori'e- 
sponds a science, has had to yield to the view of one com- 
prehensive system, which, however, man can only study in 
separate aspects. His list of sciences is only a classification 
of his own modes of thought and investigation, in which 
he singles out ceidain classes of forces and relations for 
examination : but this singling out con’esponds to no sepa- 
ration in reality. A plant is a subject for chemistry, for 
physics, for geology, as well as for botany. But in botany 
only is it looked at essentially as a plant; in the other 
sciences its unity as a plant is disregarded. So for plants 
as plants the botanical is the General Classification ; that 
is to say, the highest genus for botany is ‘ plants,’ just as 
for medicine it might be ‘ dmgs.’ 

Hone of the sciences has yet a perfect classification, 
though some are more advanced than others. So it is 
plain that the systematising of them into a comprehensive 
thought of the world as a whole is not yet in sight. 

5. Special or Artificial Classifications. — ^In addition 
to our attempts to organise our thoughts of things for 
purposes of exact and comprehensive knowledge, we often 
require to make temporary arrangements of an essentially 
artificial character. These are intended as a rule to enable 
us to find or identify any ohject amidst a number of 
others. That attribute which renders identification as 
easy and certain as possible is chosen as a basis, whether 
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it has, or has not, importance in itself. A very familiar 
instance is the alphahetical arrangement wliich is found to 
bo most serviceable in dictionaries, library catalogues, and 
indexes of boolcs, the solo purpose of which is to indi- 
cate where a certain word, boolc, or statement, is to be 
found. At each step the alternatives are quickly narrowed 
domi until wo are led with certainty to the object of our 
search. 

Useful as such an arrangement is as a key, there its vali- 
dity cuds. It is founded on a conventional distinction ; 
its value is confined to the language in which it is written; 
it does not admit of any general statement being made 
about any of the groups which are formed. The M group, 
for instance, may — like Monmouth and Macedon — have 
practically nothing in common except their initial letters. 
Nor does it form a permanent part of the results of the 
investigation and research to which it is subsidiary. 

ibn alphabetical arrangement is impossible where the 
number of objects to bo classified is quite indefinite. Then 
a less simple method is needed to ensure a speedy identifi- 
cation. Thus the animal aud vegetable kingdoms comprise 
innumerable individuals, and it is desirable for the pur- 
poses of study to be able to identify and name any given 
specimen. Since, from the nature of the case, there are no 
conventional mai'ks, it is necessary to choose as distin- 
guishing characteristics some property or properties of the 
objects themselves. Any easily recognisable attributes 
which are sufliciently distinctive will answer the purpose : 
they are not chosen for their intrinsic importance, but 
solely as convenient descriptions of the objects specified. 
Some of the classifications of the earlier naturalists were 
of this kind. Linnaeus, for example, arranged ^ilants into 
twenty-four classes distinguished by the number or by 
some other simple characteristic of the stamens. This 
was of great service to the student, who b}'- a brief exami- 
nation of the stamen and pistil was able at once to assign 
a new plant to its proper place. 

Similar service is rendered by such an index to a more 
scientitlc classification as the analytical key prefixed to 
Beutham’s Flora. The object is stiU to enable us to find 
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the name of a plant of ■which ive have a specimen be- 
fore us. As an arrangement -with only t'wo alternatives 
at every step is found to offer the most ready means for 
attaining this object, that is the plan almost exclusively 
adopted. Thus, flo-svering plants are first dmded into 
those irhose flowers are compoimd, and those which ai’o not 
compound. Then the former are sub-divided into those 
■with one seed, and those with more than one; and the 
latter into those in which the perianth is single, and those 
in which it is double ; and so on. Here we see a direct 
application of the most formal hind of division — that by 
dichotomy. 

A classification which serves as a he}’ to a more general 
classification is generally called a Diagnostic Glassification . 
Such classifications have been called Artificial as opposed 
to those based on deep hnowledge of nature, which have 
been temed Natural. The distinction originated in a 
doctrine, now exploded, that ‘natmval lands’ existed in 
natui-e which were sharply and definitely separated from 
one another by an unlmo^wn and indefinite number of per- 
manent differences, and that a natural classification should 
correspond in its divisions to such natural groups. All 
other classifications were regarded as arbitrary and, there- 
fore, artificial. But no such fixed divisions do exist in 
natui'e, and the distinction as originally conceived conse- 
quently falls to the ground. The names, however, are still 
often retained, and then they correspond broadly to the two 
divisions we have made. 

The objection to the terms is that the distinction they 
indicate by their meaning is not clear. Bor in a sense all 
classification is artificial : it represents that mental group- 
ing most convenient for our purpose, and is based on 
qualities selected with reference to just that purpose. And 
if it be said that an alphabetical arrangement is purely 
artificial because it is not based on attributes of the objects 
themselves, an analytical key mil scarcely be called natm’al 
because it has such a basis. It remains a de^vdce or artifice 
for a special pui-pose in spite of the fact that the marks of 
identification are sought in the nature of the object, and 
are not imposed from ■without. The distinction between 
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The difficulties in the way of classification are great. 
Losic, of course, can never tell ns what attributes should 
bo chosen as the basis of a dmsion. Wide and intimate 
acquaintance with the department of Icnowlodge concerned 
will alone enable a wise selection to bo made. For the 
problem is the same as that of framing a scientific defini- 
tion. Just as in common speech every general name marks 
a class, so, but with greater accuracy, does the definition 
which results from scientific research. But wo have seen 
how intractable to exact determination are physiciil ob- 
jects, whether organic or inorganic. In the last resort 
wo are left, En.y in the case of a chemical clement, with 
the co-existence of certain properties, and in tlie case 
of a living thing, whether plant or animal, with the co- 
existence of certain characteristics without any apparent 
connexion between them. Now we desire to hold together 
in thought those things which really resemble one another, 
and it becomes essential to determine which collocation of 
attributes most truly represents their nature. In other 
words, we have to ask what attributes are the most impor- 
tant. and on what principle, if any, are they to bo selected. 

The history of classification shows that men of science 
have long been groping their way towards answers to 
these questions, and that only in comparatively recent times 
has a satisfactory principle been suggested. 

At first only the most obvious resemblances were noted. 
Tlius we have the ancient dirision of plants into trees, 
slumbs, and herbs. And for a long time the tendency was 
to seek out the obvious and the superficial, and to count 
rather than to weigh characteristics that apjieared alike. 
But in time it was found that this procedure xvas mislead- 
ing, and that species were often akin although extern nlly 
very dissimilar. This stimulated men to probe deeper. 
Some characteristics were found to carry with them many 
others, and though often no reason could be given why 
this should be the case, they were regarded as dominant 
characteristics and made the basis of classification. Again, 
the organs wdiich subserve the processes of life are of such 
obvious importance and utility to the individual and to 
the species that they were pressed into the same service, 
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Now botli these bases are extremely serviceable in the 
practical work of science, but both are defective. The 
characteristic which is of the first importance in one case, 
and which seems to dominate the whole being of an animal 
or plant, is in another of altogether minor import. This 
led to divisions on many bases. “ So wdth plants, how 
remarkable it is that the organs of vegetation on which 
their whole life depends are of little signification excepting 
in the first main divisions, whereas the organs of repro- 
duction with their product the seed, are of paramount 
importance.” * 

The object of the search throughout was to reach divi- 
sions in w'hich things having the most affinity should be 
placed together. The doctrine of evolution taught that 
affinity should no longer be regarded as a metaphorical tern 
implying resemblance, but should be taken as implying 
that family relationship which is the primary meaning of 
the word. It thus supplied the principle of community of 
descent as the binding thread for scientific classification, 
and made those characteristics important which indicated a 
common origin. 

Under the influence of this conception the aim of classi- 
fication has been completely revolutionised. Whereas 
formerly the realm of organic life was assumed to consist 
of a de^ite number of species which could be separated 
from one another by definite marks until the wliole 
number of species had been enumerated and described, 
now, as it exists at any given moment, it is considered 
rather as the result of descent from a common ancestry 
with the modifications whicli successive ages have wit- 
nessed. The ideal for the older classifications was that 
of a formal division in which the highest genus was so 
divided that the sub-classes were mutually exclusive and 
at the same time co-extensive with the Avhole ; the aim 
for the newer is rather the construction of a genealogical 
tree which will just as siu'ely include eveiy member of the 
family. Were it possible, for instance, in the animal 
kingdom, existing species would be traced back from im- 


1 Darwin, Origin of Species, Ch. 13. 
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mediate to remote ancestors until their common origin 
appeared. At each step the relationship betiveen one 
class and another -would ho sufficiently evident for the 
degree of affinity to he observed, and those -n-hich were 
nearest of bin -^vould he classed together. Thus species 
which are derived from the same genus would come 
nearer to one another than to those derived from another 
genus, and genera would he more nearly related than the 
species to which they give rise. Indeed at each remove 
upwards the relationship would become closer, until the 
endless variety of species was seen to issue from an 
ancestry common to all. Such a table would have the 
gi-eat advantage of being drawn up on a common principle 
throughout. 

It is not implied that the actual procedure is always from 
the species upwards. The reverse process is also used in 
practice. Indeed the construction of such a genealogical 
tree is beset with difficulties on all sides. For it must 
embrace not only existing species, but many of which fossil 
remains are now the only evidence. Ideally, too, it should 
contain others of which the existence can only be con- 
jectured. Gaps in the relationship exist, and in many 
cases all certain evidence of affinity is lost. Tlien the 
scientist has to fall bach upon other characters to constitute 
his classes. 

nevertheless the doctrine of descent with modifications 
is a clue of the greatest importance, and indicates the hind 
of evidence which should be sought. We are guarded, 
for instance, from the natural mistahe of supposing that 
characters essential to the maintenance of life are good 
guides to natural affinity. They may be useful, but 
resemblances in this respect may be merely the result of 
adaptation. External resemblance is, indeed, of no scien- 
tific significance. “ It might have been thought (and was 
in ancient times thought) that those parts of the structure 
which determined the habits of life and the general place of 
each being in the economy of nature would be of very high 
importance in classification. Nothing can be more false. 
No one regards the external similarity of a mouse to a 
shrew, of a dugong to a whale, of a whale to a fish, as of 
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any importance.”^ Tlie possession of organs now useless 
often gives a better indication of descent. 

The process of evolution is not yet exhausted. Present 
species are liable to modification or even to extinction, and 
there is the possibility of new forms being evolved. The 
classifications of to-day, therefore, are in a sense transitory. 
No doubt they are permanent so far as the}’' are correct. 
Past history shows that vast epochs of time have been 
necessary for the transformations which are already 
known, nor is there any reason to suppose that the changes 
which the future may hold will be effected any the more 
rapidly. The error in talcing as fixed what has been de- 
scribed as a cross-section tkrough a continuous process is 
negligible. Error, of com’se, may arise through defects 
of observations, or thi’ough mistaken affiliation, but this 
does not affect the validity of the principle employed. 

Since a direct relation is established between the several 
classes of such a natm-e that we can pass from one to 
another through different degrees of descent, one class 
may be regarded as subsumed under another because of 
its affinity. The classification is then called sii'bsum 2 )tive. 
Moreover it is found convenient, in order to describe 
the classes so fixed and determined, to -use in each case, 
in addition to the tei’ms ‘ genus ’ and ' species,’ such 
terms as ‘kingdom,’ ‘class,’ ‘order,’ ‘family.’ Thus the 
animal kingdom has the vertebrates as one ‘sub-king- 
dom,’ and this again is divided into the five ‘ classes,’ 
mammals, birds, reptiles, batrachians, fishes : these again 
are sub-divided into orders, famihes, genera, species, and 
of the last there may be a further sub-division into 
varieties. 

The theory of evolution has not involved a radical altera- 
tion of the classes established before its first enunciation 
by Danvin in 1859. In Botany, for example, most of the 
orders and families distinguished by Jussieu towards the 
close of the eighteenth century are still recognised. Other 
able workers in the same field contributed to the establish- 
ment of classes based on real affinities which were little 


‘ Darwin, Origin of Specks, Cli. 13, 
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uiiflcvslood. . Out of woug principles, or principles only 
puvliallv correct, arose much valuablo work. The classifi.- 
eations thus blindly but brilliantly developed received their 
key and explanation in the doctrine of descent: this 
afforded a clue in doubtful ciises, and a norm by which to 
correct the past and to control the labours of the future. 
“ Community of descent is the hidden bond which natura- 
lists have been unconsciously seeking, and not some 
unknown plan of creation or the enunciation of general 
propositions and the mere putting together and separating 
objects more or less alike.” ‘ 

7. Limits of Classification. — The advantages of 
classification for the purposes of study lie on the suidace. 
Whatever introduces order into the material under con- 
sideration makes it easier to grasp. Wliere the objects 
are so numerous that the mind is bewildered by their 
variety, a system which an-anges them in groups on a recog- 
nised principle, especially if it be accompanied by a scientific 
nomenclatm-e, is an invaluable aid to the meinoiy. Only 
in this way do the species of the organic world, running in 
number to hundreds of thousands, become at all manage- 
able. 

hloreover, when a specimen is assigned provisionally to 
its place amongst those most closely allied to it, properties 
other than those noted for the purposes of classification 
are suggested, comparisons may be made, and inferences 
by analogy may be drawn. And so the work of discovery 
and investigation is aided. 

Nevertheless it must be admitted that only in the so- 
called natural sciences of Botany and Zoology has classifi- 
cation been developed at all extensively. Organic kinds 
seem especially susceptible of being classed according to 
their origin. If we seek a similar principle in inorganic 
nature there is nothing corresponding to a genealogical tree. 
The physical sciences are concerned very largely with 
processes. These have a history, but it is not their history 
which is principally important for their explanation, other- 


* Darwin, Origin of Species, Ch. 13. 
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vdse tlie method of experiment would he inapplicable. 
The guiding thread in such investigations is the principle 
of causation. Fruitful as this has been, it has not so far 
resulted in broad classifications at all comparable with those 
of the organic world. 

At the same time the principle is proving of increasing 
value in this direction. “ There is the physical classifica- 
tion into Solids, Liquids, and Gases. But these states of 
matter are dependent on temperature ; at least it is known 
that many bodies may, at different temperatures, exist in 
each of the three states. They cannot, therefore, be defined 
as solid, liquid or gaseous absolutely, but only within 
certain degrees of temperature and therefore as dependent 
on causation. Similarly, the geological classification of 
bodies according to relative antiquity (primaiy, secondaiy, 
tertiaiy, with their sub-divisions) and mode of formation 
(igneous and aqueous) rests upon causation, and so does 
the chemical classification of compound bodies according 
to the elements that enter into them in definite pro- 
portions.” ^ 

It is only, then, in a few of the sciences that classifica- 
tion has wide scope. In itself, moreover, it is only a 
preparatory stage. It determines its classes but does not 
answer the question why they are as they are. That is the 
task of explanation which can only be considered at a later 
stage. 


8. Scientific ITomenclatiu’e and Terminology. 

A ITomenclature is a system of names for tlie 
groups of wMcb. a classification consists. 

Ho classification could long remain fixed without a 
corresponding nomenclature, and every good nomenclature 
involves a good system of classification. The two are 
indissolubly connected. It follows that oul}’^ those sciences 
which have a fairly complete and generally received classifi- 
cation possess a true general nomenclature — ^the sciences, 
that is, of botauj’-, zoology, and chemistry. As the classifi- 


* Read, Logic Deductive and Inductive, pp. 267-268. 
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cation must be the ground of the nomenclatui-e it follows 
that the latter is a consequence rather than a cause of 
extended knowledge. 

TVhenever a science admits of comprehensive heads of 
classification a good nomenclatime recalls both the re- 
semblances and the differences between classes. Such a 
nomenclature prevents our being overpowered and lost in 
a wilderness of particulars. The number of species of 
plants, for example, is so enormous that if each had a 
name which expressed no relation with any other, memory 
would find it impossible to retain more than a very small 
fraction of the whole number. The nomenclature should, 
therefore, be so consti-ucted as to suggest these relations. 
There are two main ways of doing this — 

(1) The names of the lower groups are formed by 

combining names of higher and lower generality. 

(2) The names indicate relations of things by modifi- 

cations of their form. 

The former method is that which, since the time of 
Linnaeus, has been adopted in botany and zoology. In 
botany, for instance, the higher groups have distinct 
names. Dicotyledon, Rosa, Geranium, etc. The species is 
marked by adding a distinctive attribute to the name of 
the genus, as viola odorata, orchis viaculata, etc. These 
distinctive attributes are not the logical ^fPerentia of 
the species, so the specific name is not a definition. They 
are, on the contrary, formed from all kinds of more or 
less important considerations ; for example, the Anemone 
Japonica was named from the country in which the 
plant was first observed. The names of varieties, sub- 
varieties, etc., are formed on the same principle as those 
of species. 

The second method of constituting a nomenclature is 
that employed in chemistry. This system of names is 
founded on the oxygen theory. It “was constructed 
upon . . . the principle of indicating a modification of 
relations of elements, by a change in the termination of 
the word. Thus the new chemical school spoke of 
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sulpliitn'c and sulphiM'oae acids ; of sulpliaies and sulphides 
of bases ; and of sulpliitre^s of metals ; and in like manner, 
of pbosp/ioric and phosphorous acids, of phosphates, pbos- 
pihites, phosplmrets. In this manner a nomenclature "was 
produced, in wliicb tlie very name of a substance indicated 
at once its constitution and place in tlie. system.” ^ 

We require, however, not only a system of names to 
designate classes, but a collection, of terms -which 
enables ns to describe individual objects. This is 
a Terminology, and it embraces names of the proper- 
ties — shape, colour, etc. — and of the parts of the objects 
recognised in the science. Terminology is, in brief, the 
language in which we describe objects, and -without de- 
scription there can be no classification. All the names 
which form a teiminology are general names ; though, by 
their combination, we can describe indi-viduals. 

Botany is the only science which, as yet, possesses a 
complete terminology ; this, as well as its nomenclature, it 
owes to Linnaeus. “ The formation of an exact and exten- 
sive descriptive language for botany has been executed 
with a degree of sldll and felicity, which, before it was 
attained, could hardly have been dreamt of as attainable. 
Every part of a plant has been named *, and the form of 
every part, even the most minute, has had a large assem- 
blage of descriptive terms appropriated to it, by means of 
which the botanist can convey and receive knowledge of 
form and structure, as exactly as if each minute part were 
presented to him vastly magnified . . 

“ Thus the flower was successively distinguished into the 
calyx, the corolla, the stamens and the pistils ; the sections 
of the corolla were termed petals by Columna ; those of 
the calyx were called sepals by Heckar.”® 

If a term used in common life is needed for a scientific 
description, its meaning must be exactly deteimined. Apple- 
green, for example, must refer to one specific shade of 
gi-een. Otherwise the term is ambiguous, and, therefore, 
useless for the purposes of scientific termmology.® 

1 Whewell, Nomm Organon Renovatum, p. 275. 
a Ibid., p. 315 = Of. ibid., pp. 111-113. 
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0. Fallacies in Division. — A violation of any of llio 
principles of division involves fallacy. We may tluis 
< mnnerate tlirco classes of fallacy' of division, eacli violat- 
in'.: one of the fundamental principles, viz. — 

(i) Ch.anging tlio ba.sis of division. 

(ii) Omitting part of the genus to bo divided. 

(hi) In a continued division, not proceeding by proxi- 
mate stops. 

Thc'O faults have been suHiciently discussed and illus- 
in our positive ti-catmont of the principles of 
uivi‘-io:i.‘ 

* See pp. 75-78. 



CHAPTER VIII. 


DEFINITION ;i.ND KINDS OF PROPOSITIONS. 

1. Definition of Proposition. 

A Proposition is the verbal expression of a truth 
or falsity. In other words, a proposition is a statement 
which claims assent, hut may meet with denial. It is thus 
distinguished from such forms of speech as commands or 
questions, with which, as such, logic has ho conceim, as 
they cannot enter into the structure of knowledge. They 
do not claim truth, nor can they he rejected as false. 
Only statements can he true or false, and in no other way 
can truth or falsity he expressed. A fact is not true ; it 
simply exists. It is when we make a statement about it 
that we challenge assent. To deny a proposition is to 
assert its falsity; to assent to it is to affirm its truth. 
When a statement is false it may he so intentionally or 
unintentionally. In the former case it is a falsehood as 
well as a falsity. But with the ethical intention logic 
has no concern. The only question for it is whether the 
statement is in itself true or false. 

2. Kinds of Propositions. — ^The fomis in which state- 
ments are actually made are very various, hut they all 
express one of three fundamental forms of assertion. The 
assertion may he absolute or categorical, as ‘ Lions are 
fierce ’ ; or it may be hypothetical when the truth of the 
main assertion is given as dependent on the fulfilment of 
some condition, as ‘ If the season is wet the harvest will 
he spoilt ’ ; or lastly, it may he disjunctive when the 
statement is of several alternatives, as ‘ Triangles are 
either equilateral, isosceles, or scalene.’ 

96 
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In tlie next place there is the fundamental distinction, 
between assertion and denial — ^the Quality of the proposi- 
tion as it is called. In other words a proposition may be 
either affirmative or negative. 

Lastly, propositions differ in the scope and definiteness 
of their reference. We may say ‘ All lions are fierce ’ ; 

‘ Some children are easily frightened ’ ; ‘ This town is 
healthy.’ In actual speech, the number of such variations 
is very large, but logically the important distinction is 
whether the statement is made definitely about every 
object of which it is made, when the proposition is called 
TTniversal, or whether its scope is left indeterminate, 
when it is styled Particular. This distinction is said to 
be one of Quantity. 

3. Categorical Propositions. 

(i) A Categorical proposition mahes an absolute 
statement, as ‘ Grold is yellow,’ ‘ The quality of mercy 
is not strained,’ No matter in what foi-m such an asser- 
tion may appear in ordinary speech, logical analysis reduces 
it to the simple expression which may be symbolised by 
S is P, or S is not P, where S — ^the subject — stands for. 
that of which the assertion is made, and P — ^the predicate 
— ^for that which is affirmed or denied of it. Not a little 
ingenuity is sometimes required to make this reduction, 
but till it is made, formal logic cannot deal with the judg- 
ment. Such an exclamatory statement as ‘ Fire ! ’ must, 
for example, be expanded into some such proposition as 
‘That property is on fire.’ Similarly, the impersonal 
assertion ‘ It rains ’ becomes for logic ‘ Eain is falling.’ 

Sometimes the statement is qualified by subordinate 
clauses embedded in it. In such cases the main predica- 
tion must be carefully distinguished from the subordinate 
assertions. This, in itself, is a matter of grammatical 
construction. In other cases two logical propositions are 
united in one statement, as ‘ Q-old and silver are precious 
metals,’ or ‘ He is poor but honest,’ where it must be 
recognised that there are really two predications which it 
may be necessary to consider separately. In such cases as 
I. L. -7 
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‘ Graduates alone are eligible ’ tbe tvp-o-fold predication is 
abbreviated ; tbe full force of tbe proposition can only be 
represented by tbe simultaneous assertion of two proposi- 
tions, ‘ Some graduates are eligible ’ and ‘ No non-graduate 
is ebgible.’ 

In eveiy sucb re-statement care must be taken not to 
change tbe judgment — ^tbat is, tbe assertion intended to 
be made — but only its verbal expression. In other words, 
logic claims tbe right to translate tbe forms of ordinary 
speech, but not to change their significance. 

(ii) Analysis of the Categorical Proposition. — ^If 
we examine this fonn we see that it consists of two terms 
joined by is or is not, which is, therefore, called the Copula. 
Of the two terms that of which tbe assertion is made is 
the Subject ; from that the thought starts ; it is its fixed 
centre. The other is the development of that thought by 
the assertion of something further — this is the Predicate. 

Logic writes the subject first, S is P, but it is not always 
so in common speech. ‘ Blessed is the man who has loyal 
friends ’ is an example of a very common inversion. When 
only a single sentence is before us it is easy to decide 
which is the predicate by asking which term expands and 
amplifies the meaning. But in continuous speech this 
often involves a reference to the context. 

Nor does the logical distinction necessarily coincide with 
the grammatical. The latter is always the noun or pronoun 
in the nominative case. But the former depends upon what 
is assumed to be known or granted, and what is the amplifi- 
cation made. Often it is best detected by asking what 
question the whole sentence may be regarded as answer- 
ing. The answer is the predicate. Thus, “ This is an 
orchid ” may be an answer to the question “ What is 
this ? ” when ‘ orchid ’ is the predicate ; or it may answer 
the question “ Which of these flowers is an orchid ? ” 
when ‘ this ’ and the actual pointing out which ‘ this ’ 
implies is the predicate. Thus while the grammatical 
distinction can be determined without going beyond the 
individual sentence concerned, the logical distinction in 
the consecutive sentences which compose real speech can- 
not. Doubtless the two often coincide even in such con 
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tinuous speech, and when an isolated statement is all that 
is before us, we have no alternative hut to assume that the 
grammatical is also the logical analysis, that is, that the dis- 
tinctions of thought are directly expressed in speech. So 
in the case supposed, if we have only the sentence, ‘ This 
is an orchid,’ we must assume that ‘ orchid ’ is the predi- 
cate, as that term, on the face of it, defines and amplifies 
the meaning of ‘ this.’ 

The copula merely marks the act of assertion. Doubt- 
less ‘is’ sometimes implies existence, as when we say 
“Much evil is in the world.” But then ‘is’ is not the 
copula: logic must translate the statement into “Much 
evil is existent in the world.” 

The copula is always in the present tense. Any asser- 
tion of past or future requires a separate predication. In 
the logical proposition we, as it were, put ourselves at the 
point of time to which it refers. This is necessary, as the 
present is the only unambiguous tense. Propositions re- 
lating to the past or the future — as S was P, S will he P, 
cannot he conjoined in a formal argument, because there 
would be no assurance that they had any real point of 
identity. Prom S was M, and M was P, we can infer 
nothing, for we do not know whether the connexion of S 
with M synchronised with the union of M and P. 

Moreover the use of the present tense enables us to 
express the coexistence of attributes in the same subject. . 
We recognise that gold is at once yellow, and heavy, and 
maUeahle, though we can only test those qualities succes- 
sively. 

Though we can thus analyse a proposition we must not 
forget that all the time the proposition is a unity and 
expresses one single thought. Subject and predicate do 
not exist as separate thoughts, but as distinguished ele- 
ments in one thought. This unity of the judgment the 
copula also expresses. 

(iii) Quality of Categorical Propositions. — Every 
statement either affirms or denies the predicate of the 
subject. So we have the ultimate distinction between 
Affirmative and Ifegative Propositions. In the facts 
there is no mere negation. The denial that 5 is P can 
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only be justified b}’- the fact that S has some attribute 
•which is incompatible "with P. If gold is not blue it is 
because it has some other colour. Were blue denied of 
that which cannot have colour at aU there would be no 
real assertion. That ‘ vice is green and virtue red ’ is an 
unmeaning jumble of words masquerading as a proposi- 
tion. But though reality is thus always positive, yet 
thought may only be concerned in denying some statement 
about it, -ndthout specifying the reason for the denial. 
Hence the negative form of proposition, which simply 
denies, is correctly I'ecognised by logic as equally ultimate 
with the affiiTuative form. 

(iv) Quantity of Categorical Propositions.— Though ' 
the assertions of ordinary life are of many degrees of 
definiteness, the only really formal distinction is between 
explicit reference to all the subject and indefinite reference 
to some unspecified part of it. 

The former propositions are called Universal, the latter 
Particular. S}Tnbolically the former are expressed affir- 
matively by JUveri/ S is P, Each S is P, All S’s are P ; or 
negatively by No S is P: the latter by Some S's are P; 
Some S’s are not P. 

It will be noted that ‘ Particular ’ hci’e has a different 
meaning from that given to it in common speech. There 
a ‘ particular ’ proposition would naturally mean a state- 
ment about a particular person or tiling, as ‘ This boy is 
clever ’ ; ‘ Mr. Asquith is the premier.’ These in logic are 
called Singular Propositions. Their chief function is to 
bring a special case under a general rule, as if we say ‘ All 
Secretaries of State receive high salaries ; Mr. Churchill 
is a Secretary of State ; consequently Mi'. Churchill re- 
ceives a high salary.’ Prom the point of view of logical 
quantity they are regarded as akin to universals, as they 
evidently assert definitely that their predicates are true of 
the whole denotation of their subjects. 

Similar to these are propositions made about a collective 
subject as a whole — as ‘ The Romans conquered G-aul.’ In 
a true universal the predication is made of every indi-vddual 
which bears the class-name which stands for the subject. 

It is, therefore, better to -write Every S is P or Each S is P, 
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tlian All S is P. For ‘ aU ’ is ambiguous in this respect, 
and propositions true of AU S taken collectively are not 
true of eacb S taken distributively. It is well to mark tbe 
distinction between tbe distributive and tbe collective use 
of terms witb wbicb we bave already dealt by using ‘ All 
S is P’ only when P is asserted of tbe whole gi'oup S taken 
together, 

"Wlien we wish to express a -universal negation tbe only 
unambiguous form is No S is P. To write Every S is not P 
or All S’s are not P is ambiguous. Strictly interpreted, 
indeed, these propositions are justified if a single excep- 
tion can be found to tbe rule that S’s are P. ‘Every 
statement in a newspaper is not true ’ does not imply that 
tbe whole contents of tbe press are to be rejected. If we 
wish to assert that we must say ‘ No statement in a news- 
paper is true.’ 

In form tbe universal proposition suggests that it is 
justified by a complete examination of all the instances. 
This, however, is seldom tbe case. Tbe real basis of tbe 
judgment is such a knowledge of S and P as makes it 
evident that wherever 5 is found, R will.be present; or 
on tbe other band that P is incra^atible witb S. 

This would be expressed or 

S as such is not P, and such juifcir^teb^ CE©ed 
For example, ‘Eight-angled tMan'^sal’6*by^bfen{.^|u0 
inscribable in semi-circles.’ !|^or tbe purposes of formm 
logic, however, these judgmeirfs must |)e translated into 
tbe ordinarj- universal forms. Sli we 


tbe ordinarj- universal forms, 
do not make it clear wbetbe 
only of an indefinite portion d 


•If we eiiJJ 
’we afiirm 
tb^-iS’s. 


no sensible person says ‘ Some S ’ wbemberdiM^SftEw^y^v 
would be true. So in common^p|e^ i^off^ 

meant to imply ‘ Some, but' r^f'^ffi^^^inrilaidy^iiTls^ol:' 
used when we hioiv tbe proposj-tio^^tdoe true of only one. 
But even in common spedctet^bese limitationB'a,Vb**not 
always impbed, and in lotic they ai-e always excludejl. 
Borne S’s are P expresses iniperf4ptlau^j^dg6>''*Odi’fiainly, 
in fact eacb S is either P or'^is But rmr/lmowledge' 
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does not always cover all the facts, and so we cannot say 
which is which. We cannot, however, rest satisfied with 
this imperfect knowledge in any matter about which we 
desire exact thought. So our researches must be pushed 
further. Either we must find that in reality the P which 
we already know to belong to some of the S'b really belongs 
to them all ; or we must make among the S’s two classes 
— one which is P and one which is not P — and discover 
what other differences separate them. Then to each of 
these we give a special name and so reach two universals — 
Every SM is P, No 5/1/ is P. 

When no sign of quantity is given the proposition is 
formally indesignate, as “Birds are feathered.” * Some- 
times extraneous knowledge tells us that this is a generic 
judgment and therefore really universal. Wantmg this, 
it must be interpreted as particular. 

If an Indesignate Proposition is negative, the predicate 
must evidently be either a separable accidens of the subject 
or an attribute never found in that subject. In the fonner 
case, the propositions are particular ; as ‘ Englishmen are 
not cowardly.’ In the latter case they are, of course, 
universal, as ‘ Englishmen are not negroes.’ 

Logic reduces to ‘some’ all the signs of quantity of 
ordinary speech, such as ‘ any,’ ‘ a few,’ ‘ few,’ ‘ most,’ ‘ two- 
thirds.’ They are all indefinite in reference. There is this 
peculiarity about ‘ few,’ that it really states by implication 
a judgment of opposite quality to itself. ‘ Pew poets are 
gi'eater than Shakespeare ’ is really a rhetorical mode of 
saying that ‘ Most poets are not greater than Shakespeare,’ 
and is, therefore, best represented by the particular nega- 
tive form — Some S's are not R, This, however, is again 
only a case of translating the language of common life into 
the form demanded by foimal logic. 

(v) The Pour-fold Scheme of Propositions. — ^If we 
combine the divisions under Quality with those under 
Quantity we get a four-fold Scheme of Categorical Pro- 
positions, viz. Universal Aflirmative, Particular Affirma- 
tive, Universal Negative, Particular Negative. These it is 
customary to indicate by the letters A, I, E, O, respectively, 
those letters being the fii’st two vowels of the Latin verb 
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affirmo (I affirm), -wliicli represent the Universal Affirma- 
tive (A) and the Particular Affirmative (1) ; and the 
vowels of the Latin verb nego (I deny) which stand for 
the Universal Negative (E) and the Particular Negative 
(O). By writing these letters between S and P we obtain 
a brief symbolic mode of expressing propositions. Thus — 


A 

- Every S is P 

S a P. 

I 

- Some S's are P 

Sip. 

E 

- No S is P 

SeP. 

O 

- Some S's are not P - 

SoP. 


(vi) Distribution of Terms. In every affirmative pro- 
position, whether universal or particular, we assert that a 
certain subject possesses an attribute P, but we make no 
assertion as to the full extent of the denotation of P. We 
do not consider whether or not other objects exist of which 
P can also he predicated. In some cases there are such 
objects — as when we say ' All lions aa-e fierce,’ for there are 
certainly other fierce animals ; in other cases there are not — 
as when we say ‘ All diamonds are pure crystallised carbon.' 
But in no case is any explicit reference made to the full 
denotation of P. In every affirmative proposition, there- 
fore, the predicate is left indefinite as to its denotation, 
and is, therefore, undistributed. 

In a negative proposition, on the other hand, when we 
look at the predicate in denotation we find that, in every 
case, it is distributed. For if the subject is not definitely 
separated from the whole extent of P, it may at least 
partially agree with it, and then there is no negation. 
And this is independent of the extent of the subject. If 
we deny P of only one individual — as when we say ‘ This S 
is not P ’ or ‘ An 5 is not P ’ — ^yet we must deny that any 
and every P is the S in question, or we have evidently 
denied nothing at aU. 

If we now sum up our results as to the distribution of 
each of the terms in each kind of categorical proposition 
when read in denotation, we have — 

(1) TJniversah (A and E) distribute their subjects;, 
PaHicula/rs (I and O) do not. 
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(2) Negatives (E and O) distribute their predicates; 

Affirmatives (A and I) do not. 

Tlius, E distributes both subject and predicate. 

A distributes its subject only. 

0 distiibutes its pre^cate only. 

1 distributes neither term. 

4. Hypothetical Propositions. 

(i) ITature. A Hypothetical Proposition is one in 
which the predication made in one proposition is 
asserted as a consequence from that espressed by 
another. The proposition containing the condition is 
called the Antecedent or Protasis, and is introduced by 
some such word as If ; that containing the result is termed 
the Consequent or Apodosis. For example, in the 
sentence ‘ If all prophets spoke the truth, some would be 
believed,’ the antecedent is ‘If all prophets spoke the 
truth,’ and the consequent is ‘ some (prophets) would be 
believed.’ 

The most general symbolic expression of the hypothetical 
pi’oposition is If A then C, where A and C represent not 
terms but propositions. Other forms frequently given 
may be included under this general expression. Of these 
one of the most common is is B, C is D, but the one 
which most tinily represents the nature of the judgment 
expressed by the proposition is If S is M it is P, where 
both the protasis and the apodosis have the same subject. 
This form indicates that the essence of the judgment is 
the explicit assertion that the ground of the attribution of 

to 5 is found in the fact that S is M. 

When the proposition contains four terms, and, there- 
fore, falls at once under the form If A is B, G is D, analysis 
of the meaning frequently shows that this is a mere accident 
of expression, and that the real subject of thought is the 
same in both antecedent and consequent, so that the judg- 
ment may be equally well expressed by a pi’oposition of 
the form If S is M it is P. Such reduction from one form 
to another is always allowable when it does not affect the 
meaning of the proposition, i.e. the real judgment. For 
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example, the judgment involved in the proposition ‘ If the 
government of a country is good, the people are happy ’ 
finds perfect expression in ‘ If the people of a country are 
veil governed, they are happy.’ So, 'If the barometer 
falls, -we shall have rain ’ is reducible to ‘ If the state of 
the atmosphere causes a fall of the barometer, that atmo- 
spheric state xviU bring rain.’ ‘ If ive ascend a mountain, 
the barometer falls ’ is equivalent to ' If a barometer is 
taken up a mountain, it falls.’ ‘ If a child is spoilt, its 
parents suffer’ may be resolved into ‘If a child is spoilt, 
it brings suffering on its parents.’ ‘ If you take a large 
dose of arsenic you mil die ’ is expressed by ‘ If arsenic in 
undue quantity is taken into an animal organism, it 
causes death in that organism.’ ‘ If patience is a virtue, 
some virtue may be painful ’ is the same as ‘ If virtue 
includes patience, then virtue may be painful.’ 

In other cases the translation is not so easy ; and links 
have to be supplied irhich are not explicitly stated in the 
original proposition. In other words, a hypothetical ex- 
pressed with four terms conceals the essential unity of the 
judgment it expresses, as there is in the symbolic state- 
ment no obvious point of union between the antecedent 
and the consequent. But the union is always there in 
thought when the proposition is expressed — as all real 
judgments always are~in significant words and not in 
mere empty sjmbols, and is generally found without difli- 
culty. For example the point of unity involved in the 
judgment ‘If some agreement is not speedily arrived at 
between employers and workmen, the trade of the country 
will be ruined ’ is the recognition of the injurious eSect of 
strikes on trade, and the whole judgment may be expressed 
‘ If trade continue to be injured by strikes, it will soon be 
ruined.’ Sometimes the union is found in the recognition 
that the subject of the apodosis is a species under the wider 
subject of the protasis, as in ‘ If demagogues are mischie- 
vous, this stump-orator is mischievous,’ ‘ If violent emotion 
is followed by a reaction, your fit of anger will lead to a 
reaction ’ ; ‘If aU savages are cruel, the Patagonians are 
cruel.’ In other cases, both are recognised as species under 
the same genus, as in ' If virtue is voluntary, vice is volun- 
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tary,’ But, in every case, "where the judgment is really 
hypothetical — that is, asserts the consequences of a sup- 
position — such unily is present, No doubt, the hypothec 
tical form of proposition is occasionally used when no such 
judgment is really involved, as when Mr. G-rimwig in 
Oliver Twist said, “ If ever that boy returns to this house, 
sir, I’U eat my head ” ; which was only a forcible mode of 
asserting disbelief in the realisation of the supposition 
stated in the protasis ; and was, therefore, in its essence, 
categorical. Such propositions are of but small value in 
a theory of knowledge. 

In discussing the universal categorical proposition we 
found that its justification must be sought in a relation 
of content which is most appropriately expressed in the 
Generic Judgment, S is P. if such a judgment is true, it 
is because there is something in the nature of S of which 
P is the necessary consequence. If we make this explicit 
we have the hypothetical judgment If S is M it is P, where 
the sufficient gro"und for the predication of Z’ is found in 
the presence of M. Such a relation is nearly as explicitly 
stated in a Generic Judgment of the form S which is M is 
P, a fact wliich shows that the categorical and hypothetical 
forms are not separate and distinct species of judgment, 
but merge into each other, and are distinguished chiefly 
by the more abstract character of the latter. In the hypo- 
thetical judgment we have got away from the concrete; 
our proposition is an abstract universal, and deals "with 
only one element in a complex whole. The judgment, if 
true, is necessarily and universally time, and yet may be 
incapable of concrete realisation. This, indeed, is so "with 
geometrical judgments, such as ‘If a triangle is right- 
angled, it is inscribable in a semi-cucle,’ for no concrete 
diagram is ever a perfect right-angled triangle or a perfect 
semi-circle. Still more clearly, perhaps, is this seen in such 
a judgment as ‘ If a body is given a certain movement, and 
if no counteracting conditions are operative, it "will continue 
for ever to move in the same direction and with the same 
velocity.’ This is impossible of realisation in actual fact, and 
yet it is a fundamental law of physics ; that is, a necessary 
element in our mental construction of the material world. 
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The hypothetical judgment is essentially abstract, and, 
as such, states connexion of content. But as the generic 
judgment finds an enumerative or denotative expression in 
the universal categorical proposition, so many hypothetical 
judgments can be represented by what may, perhaps, be 
called concrete con^tional propositions, whose general 
symbolic expression is If any S is M that S is P, or When- 
ever an S is M that S is P. The denotative form has a 
reference to occurrence in time and space; it expresses 
connexion of phenomena, and is, therefore, only appropriate 
when such occurrence is possible. In other words, it con- 
tains a distinctly categorical element, and is practically 
ecjuivalent to the proposition Every S which is M is P. Its 
form, like the proposition Every S is P, suggests that it is 
based on enumeration of instances, but its real justification 
is connexion of content expressed by the pure abstract 
hypothetical. 

(ii) Eelation to Categorical Propositions. — We 
have seen that as judgment becomes less occupied vrith 
concrete and complex phenomena regarded as wholes, and 
concerns itself more and more with abstract relations of 
content, it tends to pass from the categorical to the hypo- 
thetical form. But the fact that the generic judgment 
mediates this transition, while the denotative conditional 
form mediates a transition in the opposite direction, shows 
that no strict line of demarcation can be drawn between 
them as modes of thought. With their foim as propo- 
sitions, the case is, of course, different; here language 
makes fixed and definite a distinction whicb is far from 
being so fixed in thought. Sometimes, it is an accident 
whether a judgment is expressed in the hypothetical or the 
categorical form ; for instance ‘ Eight-angled triangles 
have the square on the hypotenuse equal to the sum 
of the squares on the sides ’ really gives the ground for 
attributing the predicate to the subject, and would 
appropriately take the hypothetical form ‘If a triangle 
is right-angled, the square on the hypotenuse is equal 
to the sum of the squares on the sides.’ But, in all 
cases, it should be considered whether the categorical or 
the hypothetical form is the more appropriate, and this 
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depends upon the degree of abstraction involved in the 
judgment. 

(iii) Quality and Quantity. 

(a) Quality. — Hypothetical Propositions, admit of dis- 
tinctions of quality. Of course, a negative antecedent does 
not make a hypothetical proposition negative ; for the con- 
sequent is still asserted to follow as a result of the ante- 
cedent. Thus If S is not M it is P is affirmative — ‘ If a 
swan is not white, it is black.’ It is when the connexion 
of the apodosis with the protasis is denied that the propo- 
sition is negative. The most general symbolic form is If 
A then not C, and the most expressive If S is M it is not P, 
for example, ‘ If a man is honest he not deceive his 
fellows.’ 

(&) Quantity .-^The essence of true hypothetical judg- 
ments is their abstract, and necessarily universal cha- 
racter. But cases may arise in which though a connexion 
is established between P and M, yet M may not be the full 
ground of P, or, though it is the complete ground, may not 
be universally operative, or may be liable to be counteracted 
by other conditions. In such cases the appropriate propo- 
sition takes the general form If S is M it may he P, and 
negatively If S is M it need not he P. The corresponding 
denotative forms — which in these cases can always be 
found — are Sometimes when an S is M, it is [or is not] P. 
As examples we may take ‘ Sometimes when men are much 
worried, they commit suicide ’ ; ' If a man is punished for 
a crime, perhaps he will not transgi’ess again ’ ; ‘ Sometimes 
when a target is aimed at, it is not hit ’ ; ‘ Although a man 
tries his hardest, he may not succeed.’ The last three 
examples are particular negative, the first particular affir- 
mative. The ‘ Sometimes ’ in the denotative examples, it 
must be remembered, is as purely indefinite as is ‘ Some ’ 
in a particular categorical ; it must not, therefore, be 
regarded as excluding the possibility in fact of ‘ always.’ 

The great characteristic of aU particular propositions is 
their imperfect and incomplete character. They, on their 
very face, therefore, challenge completion. They are but 
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Btepping-stones on tlie vray to that more exact and complete 
kno-wledge -which finds expression in the true and universal 
hypothetical. 

5. Disj-onctive Propositions. 

(i) TTature. — A Disjunctive Proposition is one 
which, makes an alternative predication. — The most 
general symbolic foi-m is Either X or Y, -where X and Y 
represent propositions. But as the most expressive form 
of the hypothetical is that -which makes explicit the unity 
of the judgment, so here the symbolic form S w either P 
or Q representing the prescription to the same subject of 
an alternative between a definite number of predicates, 
most truly expresses the natui-e of the judgment. In the 
simplest cases these alternative predicates are known to be 
contained under a wider predicate M which can be assei-ted 
of S. Tor example ‘ He is either a doctor, a la-v\'yer, ti 
clergjTnan, or a teacher ’ may be expressed in the simple 
categorical proposition ' He is a member of a learned pro- 
fession.’ So, we may say ‘ Any swan is white or black,’ 
where the -wider prechcate is the possession of colour. 

Such subsumption is always theoretically possible, and 
so we see that the function in a theory of Imowledge of the 
disjunctive judgment is to express the arrangement and 
content of a system. In other words the subject is a 
genus, and the alternative predicates are the species which 
together compose that genus. In such a case it is e-vident 
that those predicates are mutually exclusive and collec- 
tively exhaustive of the denotation of the subject. The 
disjunctive judgment is the foian appropriate to the state- 
ment of a complete and perfect classification of the deno- 
tation of its subject. 

Our knowledge of the systems of the real world is, how- 
ever, generally imperfect. It is but seldom that we can in 
concrete matters set out the whole body of species which 
necessarily complete the genuB,_ We can say that ‘ Gradua- 
tion at the University of London is in either arts or science 
or law or medicine or music ’ or any other faculties which 
we can find recorded in the Calendar. But we should be 
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bard put to it to give an equally complete and satisfactory 
statement of many of tbe alternatives "wbicb yet find a 
place in our knowledge. Moreover we often use the dis- 
junctive fonn loosely, especially in reference to concrete 
cases. We may read that all the candidates for a certain 
post must be graduates of Oxford, Cambridge, London, or 
some other British ITniversity. Evidently a graduate of 
two or more of these universities would not be thereby 
excluded. But the system on which the proposition is 
based is realty that the Universities in the British Empire 
are Oxford, Cambridge, London, etc., and that graduation 
must have taken place at one of these. Then we see that 
the act of graduation at one is not the act of graduation at 
another. It is these acts which are the real alternatives, 
and if Jones has performed two of them, he performed 
them independently and at different times. He is, so to 
say, a separable accidens of the acts. 

Such an example— and many others could be given — as 
e.g. ‘ Brown is either drunk or mad ’ ; ‘ Smith is either a 
liar or a forger ’ ; ‘ Eobinsonis either a knave or a fool ’ — 
shows us that we cannot assume mutual exclusion among 
the alternative predicates from the mere empty form of the 
proposition. It is true that the logical ideal of the dis- 
junctive judgment is such exclusiveness and comprehen- 
siveness as set forth the articulation of a system. But we 
have to deal with propositions couched in the language 
of common life, and often they not only represent very 
imperfect knowledge, but express with considerable loose- 
ness the knowledge actually possessed. So to the question 
— much disputed among logicians — as to whether alter- 
native predicates are mutually exclusive we must reply that 
ideally they should be, but that actually in many cases they 
are not, and so we caimot assume them to be so in any. 
In other words, taking the use of language as it is, alter- 
native predicates do not formally exclude each other. 

(ii) Relation to Hypothetical Propositions. — Aa 
every disjunctive proposition prescribes an alternative be- 
tween a definite number of different predicates, one or more 
of which is, therefore, affirmed of the subject, it follows 
that, if some of these alternatives are denied, the others 
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are affirmed; eitlier categorically — if only one is left, 
or disjunctively — if more than one remains. Thus, if 
ive start -with the assertion S is either P or Q, and then 
deny that S is P, we must necessarily proceed to affirm 
that S is Q. Similarly, if the original assertion is S is P 
or Q or R or T, and this is followed hy the denial that S is 
either P or Q, the affirmation that S is either R or T is a, 
necessary result. As this affirmation of one, or more, of 
the alternatives is an inference from the denial of the rest 
of them, it follows that all disjimctive propositions in- 
volve a hypothetical judgment of the general form If S is 
not P it is Q, or. If S is not Q it is P. These propositions 
are exactly equivalent to each other, each being, in fact, 
derivable from the other. 

But the disjunctive judgment makes explicit a cate- 
gorical element which is wanting to the hypothetical. Were 
we confined to the latter, thought would be condemned to 
an endless regress. Bor though If S is M it is P, gives us 
in M the ground of P, yet we must go on similarly to ask 
for the ground of M. This regress can only be avoided by 
assuming that the judgment refers to a more or less self- 
contained system. It is such a system that the disjunctive 
judgment in its ideal form makes explicit in its enumera- 
tion of the sub-species under the subject genus. It is in 
the exhaustive character of this enumeration that the suffi- 
ciency of the hypothetical as a statement of a condition is 
foimd. Hence, we find in the disjunctive the mode of ex- 
pressing that systematic connexion which is the only form 
in which we can think reality. 

(iii) Quality and Quantity. 

(a) Quality.— It follows from the very nature of dis- 
jimctive propositions that they can only be affirmative; 
for they must give a choice of predicates, one or other of 
which must be affirmed of the subject. Propositions of 
the form S is neither P nor Q give no such choice, nor do 
they increase the scope of the predicate as do propositions 
of the form S is either P or Q. They are essentially Com- 
pound Categorical Propositions. It is true we can have a 
disjunctive proposition involving negative terms — as S is 
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either P or non-Q — but the disjunction is as affirmative as 
if both terms were positive. 

(&) Quantity. — The ideal disjunctive judgment is 
always both abstract and universal, and expresses relation 
of content. But lihe the G-eneric Judgment it can be 
expressed in terms of denotation, and in this case we get 
distinctions of quantity. Thus we get propositions of the 
form Every S is either P or Q ‘ Every idle man is either 
incapable of worh or morally blameworthy,’ and Some S's 
are either P or Q \ ‘ Some laws are either oppressive or are 
rendered necessary by an abnormal state of society.’ It is 
evident, however, that such particular propositions are of 
practically no logical value. 



CHAPTER IX. 


IMPORT OF CA.TEQOEICAI 1 PROPOSITIONS, DIAGRAMS. 

1. Predication. — Th^ -whole treatment of logic must 
depend upon the vie-w held as to the nature of the predica- 
tion made in a categoric^,! proposition, and the consequent 
import of that proposition. The first point to be settled 
in considering this is "whether such a proposition expresses 
a relation between -words only, or between ideas, or be- 
tween things. The "vie^v adopted in this work is that a 
proposition interprets an objective fact, by stating a rela- 
tion which is apprehended in thought and expressed by 
language. It is not necessary to say more on this 
fundamental point. We may pass on to consider the 
nature of the relation Expressed in predication, and, as a 
consequence of this, the aspect in which the terms should 
be regarded. Of this there are two chief interpretations 
according to -whether the emphasis is placed on the con- 
notation or on the denotation of the predicate. 

2. The Predicative Vie-w. — The predicative view re- 
gards the relation expressed between the tei-ms of a formal 
categorical proposition as that between subject and at- 
tribute, It makes the element of denotation in the subject, 
and that of connotation in the predicate, the more pro- 
minent. 

The subject is thought as the name of certain objects, 
and though it is true they are indicated indirectly — that 
is, as members of a cUss "to wliich they belong solely 
because they possess certain attributes — ^yet the attention 
is fixed on them as things, not on the attributes which 
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their names connote. It is of the things "which possess the 
attributes that the assertion is made ; the attributes them- 
selves are not dii'ectly and explicitly before the mind, but 
are symbolised by the name. 

But in the case of the predicate "we are thinking of the 
attributes "wliich "we afBrm of the objects denoted by the 
subject; for our "whole purpose is to predicate such a 
qualification. We think, not of two sets of objects "which 
"we compare, but of one set of "which we assert an attri- 
bute. This is most obvious when the predicate is a directly 
attributive word, as when we say ‘ All metals are fusible,’ 
‘ The dog is barking ’ ; but it is equally true when the 
predicate is a substantive. Por instance, in the proposition 
‘ All the candidates for the appointment are graduates,’ if 
we examine the meaning we shall find it to be that the 
candidates in question possess certain qualifications which 
are conveniently summed up in the word ‘ graduates ’ ; we 
do not think of graduates as individuals, but predicate the 
connotation of the name. Amd the same holds in eveiy 
case ; the predicate asserts a qualification of the subject, 
and this qualification consists of the attributes implied by 
the predicate. 

This is the natural interpretation of a categorical pro- 
position whose subject is expressed "with a sign of quantity, 
though it must be borne in mind that its foundation is to 
be found in the Gleneric Judgment whose essence is that it 
deals with content of both subject and predica"te. It is 
also fully consistent with the four-fold scheme of proposi- 
tions ; for, if the predicate names an attribute and the 
subject indicates certain objects, we must either afilrm or 
deny the former of the latter, and in each case the asser- 
tion must be made either of a definite or of an indefinite 
number of individuals. 

3. The Class-inclusion View. — On the class view the 
relation between the subject and predicate is that of 
inclusion in a class. Both terms are said "to be read in 
denotation, and the proposition is held "to assert that the 
objects denoted by the subject are to be found among 
those denoted by the predicate. Whether the subject is 
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used collectively or disti-ibutively is of uo importance ; in 
each case it forms part of the predicate. The predicate, 
however, is necessarily regarded as a whole or class — that 
is, it is used collectively. ‘ All owls are birds ’ means that 
each owl — and, therefore, the whole class of owls regarded 
collectively — ^is to be found within the whole class of birds. 
This collective interpretation of the predicate is the only 
permissible one ; for to take it distributively would give 
no real meaning at all; — each owl is certainly not any 
bird. The only possible meaning is that the total class 
composed of birds contains every individual which can be 
called an owl ; or, what is exactly the same thing, that it 
contains the whole class of owls. Similarly, a negative 
proposition means that every individual denoted by the 
subject is excluded from the whole class of things denoted 
by the predicate, and that the two classes are, therefore, 
entirely separate, 

"With respect to this view it may be pointed out, first, 
that though it is, of course, possible to attend to the 
denotation of the predicate, yet in forming a judgment it 
is more natural and common not to do so. No doubt, as 
every general term can be considered both in denotation 
and connotation, it is possible so to interpret propositions, 
and such a mode of interpretation lends itself readily to 
the exposition of formal reasoning and to its illustration 
by diagrams. 

It is, indeed, the only one practicable for the more 
complex developments of formal reasonings with more 
than three terms. It expresses a truth implicit in every 
judgment, though it does not represent the primary pur- 
pose with which judgments are made. Indeed to adopt 
this interpretation as the fundamental import of judgment 
would be to fall into the error of basing knowledge upon 
a supposititious possibility of a complete enumeration of 
instances, instead of upon an investigation directed to 
establish connexion of content. Moreover, this view of 
predication obscures the essential unity of the judgment 
and regards it as stating a relation between two indepen- 
dent objects rather than as expressing an interpretation of 
one element or aspect of reality. 
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Purther, it must be pointed out that if botb subject and 
predicate are regarded as. classes — and, as was said above, 
on this view, the subject may, and the predicate must, be 
always so regarded — then the four-fold scheme of pro- 
positions is not an exhaustive statement of the relations 
which may exist between them. We require a five-fold 
scheme; for if we have two classes, S and P, it is 
evident— 

(a) They may exactly coincide and so be identical 

wholes. 

(b) S may be included in but not form the whole 

of P. 

(c) S may include P and not be wholly exhausted. 

(d) S and P may partially include and partially ex- 

clude each other. 

(e) S and P may wholly exclude each other. 

To express these in ordinary language we must give 
some ’ the meaning ‘ some but not aU.’ We then have — 

(a) AU 5 is aU P. 

(h) AU S is some P. 

(c) Some S is aU P. 

(d) Some S is some P. 

(e) No S is any P. 

But it should be remembered that we have here a state- 
ment of the actual relations which must hold, in fact, 
between two classes, not of our knowledge of those rela- 
tions. To express that knowledge it may frequently be 
necessary to give two or more of these propositions as 
alternatives. This wUl be seen more clearly when we 
consider the representation of the four-fold scheme of 
propositions by diagrams which primarUy iudicate these 
relations of classes. 

4. Nature and Use of Diagrams. — ^Diagrams are in- 
tended to make obvious at a glance the relations between 
the terms expressed in a proposition. That any scheme 
may do this satisfactorily, it is essential that — 
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(1) The diagrams employed should be self-intei'preting 

immediately the principle on which they are 

constructed is uiiderstood. 

(2) Each diagram should' bVcapable of one, and only 

one, interpretation; .and, conversely, 

(3) Each proposition should be' representable by one, 

and only one, diagi’am. 

The value of every scheme of diagrams must, therefore, 
be estimated by the perfection •with "which it fulfils these 
requirements. 

Diagrams in logic often help a beginner to grasp the 
exact scope of a proposition, and to see more readily the 
immediate inferences -which can be drawn from it. 


5. Euler’s Circles. — ^The best known and most com- 
monly used scheme of diagrams is that of Euler, a 
distinguished Swiss mathematician and logician of the 
eighteenth century. It is based on the actual relations 
between two classes, each of which is represented by a 
circle. This necessitates the folio-wing five diagrams to 
express all the possible relations — 



This scheme admirably satisfies the first criterion of 
excellence ^ven in the last section — there can be no doubt 
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as io the information given by each of the above diagrams. 
But, as it is founded, not on the predicative view of 
propositions, but on an analysis of the possible relations 
which may subsist between classes, it is not surprising 
that the diagrams do not satisfactorily represent the four- 
fold scheme of propositions. They correspond, in fact, to 
the five elementaiyfonns of proposition which are necessary 
to express .all possible actual class relations. Thus — 

I. i-epresents that S and P are coincident — All S is 
all P. 

H. that S is included in, but does not fonn the whole 
of P — All S is some (only) P. 
m. that S includes P, but is not wholly exhausted — 
Some (only) S is all P. 

rV. that S and P partially include and partially ex- 
clude each other — Some (only) S is some 
(only) P. 

V. that S and P are mutually exclusive — No S is 
any P. 

If, however, we try to fit in this scheme of diagrams 
with the ordinary four-fold analysis of simple proposi- 
tional forms, we find that only in the case of E have we 
an adequate expression in any one diagram. Bearing in 
mind the absolute logical indefiniteness of ‘ Some,’ it is 
plain that every other form of proposition can be fuUy 
represented only by a combination of diagrams. Thus, 
for A we require I and II ; for I we need I, II, HI, IV ; 
and for O we must have IH, IV, V. If, on the other 
hand, we are given either of the Figures I, n. III, or IV, 
we cannot say with certainty what proposition it is meant 
to represent. The scheme, then, cannot represent simply 
the ordinary forms of proposition ; and when propositions 
are united into syllogisms, it becomes so complex as to be 
practically unworkable. Thus, when applied to represent 
A, E, I, O propositions, the scheme does not satisfy either 
of the two last ci'iteria of excellence given in the last 
section. To attempt to escape this complexity by repre- 
senting A by II alone and both I and O by IV alone — as 
is often done — ^is misleading, insufficient, and inaccurate. 
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But even, were it not open to these objections, we should 
still have an ambiguous diagram ; for IV would represent 
indifferently I and O. To attempt to avoid this difficulty, 
as Euler apparently did, by writing the S in the part of 
the 5-circle which is excluded from the 5-cii'cle (as is done 
above) when the proposition intended is O, and in the part 
of the diagram common to both circles when it is I, is not 
satisfactory ; for this assumes that wo already know what 
proposition is intended. The diagram itself still remains 
ambiguous ; and, if it is given in the empty and unlettered 
form, we do not know what predication is intended. 

nevertheless, this very want of coincidence between the 
diagrams and the scheme of propositions will perfonn a 
useful service if it makes more emphatic the imperfections 
of the latter as a mode of interpreting reality. The dia- 
grams express facts of existence. If, then, we need more 
than one diagram to represent any judgment we ma]? 
make about actual things, that very need is a warning to 
us that our knowledge of the matter is wanting in pre- 
cision and at the same time an indication as to where the 
vagueness lies. 



CHAPTER X. 


FA1.I.ACIES INCIDENT TO JUDGMENT. 

1.' Judgment involving Self-contradiction. — The 

fallacies incident to judgment are not essentially different 
from those incident to conception, as, indeed, might he 
anticipated from the fundamental identity of mental pro- 
cess underlying the two forms of thought. In a clearly 
apprehended judgment there can, of course, he no incom- 
patihiHty between predicate and subject. But when the 
force of the judgment is not clearly apprehended such 
incompatibility is by no means impossible. The careless 
use of language, which is so common nowadays, makes 
this particularly easy. Especially dangerous is the habit 
of making universal assertions when there is only justi- 
fication in fact for particular ones. We thus have 
such self-destructive assertions as that ‘Every rule has 
an exception.’ This statement, being itself a rule, con- 
tradicts itself. Thus we may put it syllogistically : ‘ Every 
rule has exceptions, This statement is a rule. Therefore, 
this statement has exceptions, that is. Some niles have no 
exceptions ’ ; when the contradiction implicit in the major 
premise is made explicit. Similar considerations solve the 
old logical puzzle involved in ‘ Epimenides the Cretan says 
that all Cretans are always liars; therefore Epimenides 
can only speak the truth if he lies, and lies if he speaks 
the truth.’ -Here also the major is self-contradictoiy, for 
every judgment claims to be true, and this proposition at 
the same time asserts its own falsity. Quite similar is 
the scientific conundrum as to what would happen if an 
irresistible force were to impinge on an immovable body, 
where two incompatible conditions are assumed to be 
simultaneously operative. 
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2. Misinterpretation of Categorical Propositions. — 
Even Y,-Iien tlie meaning of eacli individual word in a 
Fcntenco is clearly apprehended, there is still a possibility 
of misunderstanding the statement ns a whole, owing to 
some ambiguity of construction or of interpretation. This, 
of course, results from the dependence of terms upon the 
context for their full meaning. The two chief cases were 
noticed by Aristotle. 

(i) Ampliibolia. — ^The Fallacia Amphiboliae originates 
in ambiguity due to the construction of a sentence. It is 
in essence a misinterpretation of a proposition. It does 
not, therefore, differ fundamentally from fallacies of am- 
biguous terms, for an ambiguous term employed in a 
proposition necessarily leads to that proposition also being 
ambiguous. However, in amphiboly the ambiguity lies in 
the general structure- of the proposition rather than in 
the terms it contains. Latin with its construction of 
accusative with infinitive in indirect nairation lent itself 
very readily to this form of ambiguity. Thus, the oracle 
given to Pyrrhus: "Aio te, Aeacida, Eomanos vincere 
posse” — “Pyrrhus the Romans shall, I say, subdue” — 
left it entirely in doubt on which side victory was to lie. 
This is very similar, as Shakespeare makes the Duke of 
York point out, to the witch’s prophecy in Henry YI . — 
“ The Duke yet lives that Henry shall depose.” * Open in 
the same way to double interpretation is the line in 
"W. Er. Spencer’s poem Gelert: “The noble hound the 
wolf hath slain.” The walls of Windsor Castle stUl bear 
the ambiguous sentence “Hoc fecit Wykeham,” whose 
■ capability of a double reading is said to have averted the 
King’s displeasure from the bishop, who, like a true 
courtier, explained it as meaning that the tower made him. 

One has not far to seek, to ^d numerous instances of 
amphiboly in modern English, generally due to want of 
precision in the order in which the words are arranged, a 
point of great importance in an analytic language. A few 
examples may be given : ‘ The first photograph is that of a 
fourteen pound pike taken in a back yard from the top of 


' Second Pari, Act i., so. 4, 
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a step-ladder’ ; ‘A lady (througli circumstances) ivisLes to 
let part of her ■well-fumished house ’ ; ‘ The Territorial hand 
played the hymns as Trell as the church organ’ ] ‘A gentle- 
man shortly returning to Australia wishes to meet a lady 
and marry her before doing so’ ; ‘The birds were somewhat 
wild, but all thoroughly enjoyed the sport ’ ; ‘ Long leare 
will be granted to Parents or G-uardians of aU boys who 
apply for it ’ ; ‘It would seem possible that almost any 
woman, no matter what the extent or depth of her wiinhles, 
might have been removed entirely and for ever by means of 
this lucty discovery.’ ' 

A subtle form of amphiboly, and one not uncommon in 
controversial writings is instanced by De Morgan: “Equi- 
vocation may be used in the form of a proposition ; as for 
instance, in throwing what ought to be an affirmative into 
the form of a qualified negative, with the view of making 
the negative form produce an impression. Thus a con- 
troversial writer will assert that his opponent has not 
attempted to touch a certain point, except by the absurd 
assertion, etc., etc., etc. To which the other party might 
justly reply : ‘ Tour own words show that I have made the 
attempt, though your phrase has a tendency, perhaps in- 
tended, to make your reader think that there is none, or 
at least to blind him to the difference between none and 
none that you approve of,’ ” * 

(ii) Accentus. — ^The Fallacia Accentus or Prosodiae 
was, with Aristotle, due to the fact that in Greek the 
same word, differently accentuated, had a different meaning. 
In the earher times Greek writing was devoid of accents 
and breathings, and hence words when written were some- 
times ambiguous which when spoken were not so. Aris- 
totle consequently remarks that this ambiguity can scarcely 
occur in speech. But with us the fallacy may be com- 
mitted by means of false stress either in speech or in 
writing. Thus, as De Morgan points out, the command 
ment, ‘Thou shalt not bear false witness against thji 

^ The above are actual examples from the periodical literature of 
the day and are borrowed from Mr. Punch, who collects a few such 
gems every week. 

* De Morgan, ibid., p. 247. 
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neigliboui',’ may be read “either so as to convey the 
opposite of a prohibition, or to suggest that subornation 
is not forbidden, or that anything false except evidence is 
permitted, or that it may be given for him, or that it is 
only against neigliboiirs that - false •witness may not be 
borne.” ^ Other "ways in ■which this fallacy may be fallen 
into are thus summed up by the same writer: “A state- 
ment of what was said -with the suppression of such tone 
as "was meant to accompany it, is the fallacia accentus. 
Gesture and manner often make the difference between 
irony and sarcasm, and ordinary assertion. A person who 
quotes another, omitting anything which serves to show 
the animus of the meaning ; or one who without notice 
puts any word of the author he cites in italics, so as to 
alter its emphasis • or one who attempts to heighten his 
o-wn assertions, so as to make them imply more than he 
would openly say, by italics, or notes of exclamation, or 
otherwise, is guilty of the fallacia accentus. ... I may 
here observe that irony ... is generally accompanied by 
the fallacia accentus ; perhaps cannot be assumed "without 
it. A writer disclaims attempting a certain task as above 
his po'wers, or doubts about deciding a proposition as 
beyond his knowledge. A self-sufidcient opponent is very 
effective in assuring him 'that his diffidence is highly com- 
mendable, and fully justified by the circums'tances.”^ 

3. lEisinterpretation of Hypothetical Propositions. 
— The characteristic fallacy of misinterpretation of a hypo- 
thetical proposition is to assume that the protasis states 
the cause of the apodosis, and not simply the reason for 
affirming it. As has been already pointed out, the latter 
may be a mere sign of the former or may actually be its 
effect.’ Thus to misread a hypothetical proposition is, 
therefore, to conceive a relation as holding in reality which 
does not hold. Of co'urse, the protasis may actually 
enunciate the cause, and in many cases does so; that, 
indeed,^ is the character of the ideal judgment of science. 
But it is also 'true that in many cases it is not so, and the 
identity of form in the two cases opens the way to error. 

‘ Ibid., p. 249. = Ibid., pp. 249-60. “ See p. 18. 
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4. Misinterpretation of Disjunctive Propositions. — 
Fallacy may arise in dealing •with a disjunctive judgment 
from assuming that it fulfils the conditions of ideal perfec- 
tion, that is, that the alternative predicates are an exhaustive 
enumeration of co-ordinate and mutually exclusive species 
falling under the subject-genus. Many disjunctive propo- 
sitions are far from fulfilling these conditions. Particularly 
must Tve avoid interpreting the alternatives as formally 
exclusive of each other. To argue that because all indi- 
vidual progress implies either moral or intellectual advance, 
therefore, if one advances morally one cannot advance in- 
tellectually, -would be an example of fallacy traceable to 
this source. The characteristic fault of -vicious dilemmas 
is, on the other hand, the undue assumption that the alter- 
natives given exhaust all possible cases. This is really at 
bot-bom a case of false opposition, and will Tie further con- 
sidered in a later chapter.* 


* See p. 156. 



CHAPTEE, XI. 


GENEBAi EEMAEKS ON IMMEDIATE INFBEENCKB, 

1. nature of Immediate Inferences. 

Inference, or Eeasoning, is the deriving of one 
truth from others. By this is meant that the new 
judgment is accepted as true because, and in so far as, the 
validity of the judgments from which it is derived is 
accepted. Hence, every inference has a formal and neces- 
sary character, and this is not affected by the truth or 
falsity of the premises. The premises may be false and yet 
the inference may be formally valid, that is, valid in the 
sense of avoiding contradiction within itself. But in the 
wider sense of validity, in which the result of the inference 
must also be consistent with the whole system of know- 
ledge, the truth of the premises is, of course, an essential 
element.^ This aspect of inference will be dealt with when 
we consider the doctrine of Induction; we are now pri- 
marily concerned with an analysis of the formal aspects of 
the process. 

Inference is not a mental process absolutely distinct in 
its character from judgment. The essence of the latter is 
the explanation of some element of reality by reference of 
it to some concept already familiar to the mind. In infer- 
ence there is the same essential feature, but with this 
difference, that the reference is not made immediately, but 
indirectly through the medimn of some previously accepted 
truth or truths. In inference, therefore, we pass beyond 
the judgment, or judgments, from which we start, and 
attain a new point of view ; though, at the same time, the 
new judgment thus reached must be a necessary conse- 

* Of. pp. 9-6. 
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(jueQco of tlie data from whicli wo set out. Inference tlius 
involves liotli a process and its result ; and to eacli of tliese 
the name is sometimes given. But strictly speaking an 
inference is the whole mental construction, and sets forth 
the connexion between the judgment proved and the 
evidence which proves it. The judgments which express 
the data or evidence are called Premises-, the judgment 
derived from them is termed the Gonclusion. 

Immediate Inference is the process by which the 
implications of a single judgment are unfolded. By 
its immediateness is not meant that no activity of thought 
is required to reach the new judgment, but simply that no 
datum is necessary besides the one given judgment. Such 
inferences may be styled interpretative inferences, as 
distinguished from mediate inferences obtained from a 
combination of judgments in which thought makes a. 
substantial advance to a new truth. 

It is often questioned whether immediate inferences are 
. i-eally inferences at all, as no new truth is reached by them. 
This is mainly a matter of words. Whether we call the 
processes inferences or find some other name for them, it 
is certain that they are not all obvious at first sight. In 
other words active thought is demanded before we can 
express explicitly all that is implicitly asserted in any 
single judgment, and until we can do so we are not in a 
position to see its exact relations to other judgments. 
This being so, there seems no strong objection to naming 
such explicative processes of thought ‘ Inferences.’ 

An examination of the fonns of reasoning should begin 
mth these Immediate Inferences; for we should know 
what is involved in a single judgment before we go on to 
enquire what results will follow fi-om a union of several 
judgments. 

2. Kinds of Immediate Inferences.— There are two 
main classes of Immediate Inferences — 

(i) The Opposition of Propositions, when, from the given 
truth pr falsity of one poposition we infer-' the truth 
or falsity of other propositions relating to the same matter 
—that is, having the same subject and predicate. In 



S 2] KINDS Ol^ IMMEDIATr, INI KUKKCKS. 127 

other ■K’ords, an examination of tlio opj)osition of pro- 
positions means a consideration of tho relations as to truth 
or falsitv -svliich hold beUvoen tho four forms of pro- 
positions, S a P, S c P, S i P, S 0 P, ■when S and P havo 
tho same signification in every. proposition. 

(ii) Edndion?,^ in which, from a given judgment re- 
garded as true, we dorivo other judgments whicli aro 
implied by it; or, in other words, when wo look at tho 
same truth from another point of idow, and express tho 
same matter in a different verbal form. 

TVe shall consider those tiro kinds of Immediate Infer- 
ences in the next two chapters. 

^ Tliis name is adopted frotn Miss Jones’ Ekmcnls of Logic. 



CHAPTER Xn. 


0FP03lTI02f OF PSOPOSITION3. 

1. Opposition of Categorical Propositions. 

By tlie Opposition of Propositions is meant tlie 
relation which, holds between any two propositions 
which have identically the same subject and predi- 
cate. Opposed propositions thus differ in form, but refer 
to exactly the same matter ; that is, to the same things, at 
the same time, and under the same circumstances. The 
logical doctrine of Opposition, therefore, sets forth what 
imphcations as to the truth or falsehood of each of the 
other forms of categorical propositions are involved in 
positing (i.e. affinning as time), or suUating (i.e. denying 
the timth of), any one proposition. 

This is, evidently, an entirely technical and arbitrary 
use of the word ‘ opposition.’ The natural meaning of 
the word would be that two opposed propositions could 
not both be true together j that is, that opposition could 
exist only between the pairs of incompatible propositions, 
A and O, E and I, A and E. In this sense the word was 
origmally used. It was, however, found convenient to 
include under the same head the relations between pro- 
positions which are not incompatible, that is, those between 
A and I, E and O, I and O. ‘ Opposition ’ thus came to 
include the relation between any pair of propositions of 
different form refemng to the same matter, whether that 
relation were one of incompatibility or of compatibility. 
When once this technical use of the word ‘ opposition ’ is 
clearly understood, it is unlikely to cause any confusion. 

As we have univetsal and particular, affirmative and 
negative, propositions, the relations between them will aU 
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be included under those subsisting between the following 
pairs — 

(1) A uniTcrsal and tbe particular of tbe same quality ; 

A and I ; E and O. 

(2) A universal and the particular of opposite quality ; 

A and O ; E and I. 

(3) A universal and tbe universal of opposite quality ; 

A and E. 

(4) A particular and tbe particular of opposite quality ; 

I and O. 

This gives us four lands of opposition, to wldcb tbe 
names (1) Suialternation, (2) Conlradiction, (3) Contra- 
riety and (4) Svh-contrariely are respectively given. We 
will now examine these in order. 

(i) Subaltemation. — Stibaltern Opposition ciiists he- 
tioeen a 'universal and the particular of the same quality 
that is, between A and I, E and O. Thus, the propo- 
diS&T in ^nani-jt^ l\nt in .jiAolit/.- Tiiis js ose 
of tbe technical loads of opposition ; for, not only are tbe 
two propositions in subaltern opposition not inconsistent 
with each other, but tbe truth of the universal neccjssitates 
that of tbe particular. This follows from tbe Priiiciple of 
Identity ; for, by that principle any assertion which is true 
of every member of a class must bold of any nuinber of 
those individual members, since they must be identical 
with some of those included under the distributed term. 
The assertion, when made of an indefinite part, simply 
repeats an assertion which was contained in the universal 
proposition. 

In such a pair of opposites, the universal proposition is 
called the Subaltemant or Suhalternans, and the particular 
the Siibaliernate or Sulaltern. Inference from th^ former 
to the latter is styled Oonsequeniia or Gonclusio ad suhal- 
tematam propositionem : that from the latter to the former, 
Gonclusio ad subaltemanteni. 

Hence, the inference of the truth of I from that of A, 
and of the truth of O from that of E, are ad subaltornatam. 
The assertion of ‘ All metals are fusible ’ involves that of 

i. L. 9 
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‘ Some metals are fusible ’ ; and if tve posit ‘ No borses 
are carnivorous ’ we equally posit ‘ Some liorses are not 
carnivorous.’ But, if 5 a P is denied, then this denial 
bolds equally if P belongs to some only of tbe S’s, or to 
none of tliem. Hence, from tbe falsity of A we cannot say 
wbetber I is true or false. For example, if I deny that 
‘All metals are malleable’ I do not thereby deny that 
‘ Some metals are malleable.’ Neither do I affirm tbe latter 
proposition (though it happens to be true in fact) ; for, 
if I did, then the denial of ‘ All horses are carnivorous ’ 
would involve the assertion of ‘ Some horses are carnivorous.’ 
Similarly, from the denial of E we can neither affirm nor 
deny O. The sublating of the tmiversal leaves us quite in 
the dark as to the truth or falsity of its sub-alternate. 

If we now examine the inferences ad suhalternantem (or 
from particular to universal), we find that the denial of 
the particular involves the denial of the universal. For 
what is not true even in some cases cannot be true in all. 
The denial oi S i P means ‘ There are no such things as 
some S's which are P,’ and this, evidently, negates the 
assertion that All S’s are P. Again, if A were true, I must 
bo true by inference ad sahalternatam ; and hence, if the 
falsity of I did not involve that of A, it would foUow that 
I coidd be both true and false at the same time ; wliich is 
absurd. The same results hold with E and O. Thus, if 
we deny the timth of ‘ Some horses are carnivorous ’ we 
thereby deny that of ‘ All horses are carnivorous ’ ; and if 
we assert the falsity of ‘Some men are not mortal’ we 
equally assert that of ‘ No men are mortal.’ But, to posit 
the particular cannot justify us in positing the imiversal ; 
for we can never justify an assertion about Every S by 
asserting that it holds good with regard to Some S’s. For 
instance, though it may be true that ‘ Some men are red- 
haired,’ it does not follow that all men possess that attri- 
bute ; nor does the truth of ‘ Some men are not six feet 
high ’ imply that no men attain that height. 

Hence, we reach this general result; The truth of the 
particular follows from that of the universal, but not vice 
versa ; and the falsity of the universal is an inference from 
that of the particular, but not vice versa. 
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(ii) Contradiction. — ProjmsUions are contradictory^ to 
each ether vhen. they differ hath in quality and vi quantity. 
Hence, there are tivo pairs of contradictories — A and O ; 
E and I. By the Principle of Contradiction both the 
membeis of such a pair cannot bo true together, and by 
the Principle of Excluded Middle both cannot bo false. 
If ‘ All metals are fusible ’ is true, it cannot be true that 
‘ Some metals are not fusible ’ ; and, similarly, if ‘ No lions 
are herbirorous ’ is a true proposition, then it cannot be true 
that ‘ Some lions are herbivorous.’ And, generally, if ^e 
make an assertion about every member of a class, the Prin- 
ciple of Contradiction forbids us to deny that assertion 
about any member of the same class. Therefore, one of 
the contradictories in each pair must be false. But, by 
the Principle of Excluded Middle, they cannot both bo 
false. For, by that principle, any given attribute, P, must 
either belong, or not belong, to every individual S. It 
cannot, therefore, be false both to make an assertion of 
Every S and to deny that same assertion of Some of those 
S'e. Such propositions as ‘AH metals are fusible’ and 
‘Some metals are not fusible’ cannot both bo false to- 
gether. 

TTe see, then, that contradictories are incompatible ivith 
respect both to truth and to falsity. It foUows that 
when two contradictory propositions are given us wo infer, 
by the Principle of Contradiction, that one of them is 
false, and, by the Principle of Excluded Middle, that one 
of them is true. Hence, we can deduce the falsity of one 
from the truth of the other, and the truth of one from the 
falsity of the other. The relation of contradiction is thus 
seen to be reciprocal ; the positing of one proposition and 
the sublating of its contradictory are assertions of one and 
the same fact. It will be seen, as we examine the other 
forms of Opposition, that in none of them are the proposi- 
tions thus mutually inferrible, and in none of them is 
there incompatibility with regard to both truth and false- 
hood. 

Contradiction is, therefore, the most perfect form of 
logical opposition. 

Whatever we afihm denies something else. The mere 
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asserting of eveiy S tliat it is P is, in itself, a denial of any 
S •whatever that it is not P. To assert, therefore, that 
Some S's are not P, in opposition to Every S is P, is the 
rainimnm of denial. It is sufficient to destroy the propo- 
sition which it contradicts, but it does not affirm the falsity 
of every part of it. Thus, two contradictoiy propositions 
leave no room for an intei'mediate supposition ; one or the 
other must be accepted as time, as together they exhaust 
all possible alternatives. 

Every proposition has a contradictoiy; if the pro- 
position is simple, so is the contradictory, but if the 
proposition is compound it can be contradicted in more 
than one way, and its full contradictory is, therefore, 
compound.’ 

Contradiction is the only Mnd of opposition which can 
subsist between Singular Propositions’; for these can 
differ only in quality, and, therefore, to posit the one 
is to sublate the other, and vice versa. This opposition of 
singular propositions is frequently called Secondary Con- 
tradiction. 

(iii) Contrariety. — Contrary Opposition exists between 
a pair of universal propositions of opposite quality ; that is, 
between A and E. Thus, contrary propositions differ in 
quality only, and not in quantity. By the Principle of 
Contradiction both cannot be true together. For, if two 
contraries were both true, then contradictories would also 
be time together. For, by subaltemation, the truth of A 
would necessitate that of I, and the timth of E would 
secure that of O. Hence, A and O would be true together, 
and so would E and I. But this is impossible; and, 
therefore, A and E cannot be true together. But as a 
contrary proposition does not simply deny the truth of 
the opposed universal as a whole, but that of every part 
of it, and thus asserts its entire falsity, there is a possi- 
bility of an intermediate alternative. Hence, the Prin- 
ciple of Excluded Middle does not apply, and the proposi- 
tions may both be false. For, while the negation of a 
universal allows inference by Contradiction to the truth of 

’ See pp. 97-98. 


’ See p. 100, 
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the particular of opposed quality, this latter does not 
vrarrant us in deducing the truth of the -universal to -^vhich 
it is subaltern. Though by sublating A -we posit O, this 
■svill not enable us to posit E. Hence, contrary proposi- 
tions are incompatible with regard to-truth, but not -with 
regard to falsity. If one is true, the other must be 
false, but the falsity of the one does not involve the 
truth of the other. It may be equally false that ‘All 
men are red-haired ’ and that ‘ Ho men are red-haired ’ ; 
for the one proposition does not simply negate the other, 
but makes the opposite assertion with an equal degree of 
generality. It follows that contrary propositions are not 
mutually inferrible, and their formal opposition is, there- 
fore, less perfect than is that of contradictories, although, 
of course, they express a greater degree of material diver- 
gence. 

From this lesser formal perfection, as well as from the 
much greater difficulty of estabbshing the contrary com- 
pared with that of merely disproving a given universal 
proposition, it foUows that contrariety is of much less 
formal importance than contradiction. The bringing for- 
ward of one single instance which does not agree -with a 
general proposition is sufficient to disprove it, and the 
contradiction is secure, as it rests on observed fact. But 
to establish, not merely that one S, or a few S’s, but that 
every S disagrees -with the general proposition we -wish to 
disprove is a task of much greater difficulty, and the result 
is much less secure against being itself proved false than is 
the contradictory. For we can scarcely ever be sure that 
we have really examined every instance, and one exception 
is fatal to our general proposition ; while the simple con- 
tradictory, being a particular, can only be overthro-wn by 
establishing the opposed general proposition. Thus we see 
that contradiction is sufficient for disproof, and is, ob-vdously, 
a more secure position to take up than is the assertion of 
the contrary. One would deny that ‘ All men are liars ’ 
■with much greater strength of conviction than one would 
assert that ‘ Ho men are bars.’ 

(iv) Sub-con-brariety. — Particular ^propositions stcmd in 
Eul-contrary opposition to each other ; that is, I and O are 
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sub-contraries. This opposition depends on the Principle 
of Excluded Middle ; for there can be no judgment inter- 
mediate between ‘ Some are ’ and ‘ Some are not.’ More- 
over, to deny the truth of one particular is to assert that 
of the universal of opposite quality (by Contradiction), 
and from this follows the truth of the particular which is 
subaltern to it. Hence, both these propositions cannot be 
false. But the Principle of Contradiction does not apply ; 
for the ‘ some ’ in the one case is different in its reference 
fi-om the ‘some’ in the other. Both propositions may, 
therefore, be tnie. The truth, for example, of ‘ Some men 
are red-haired ’ does not involve the falsity of ‘ Some men 
are not red-haired ’ ; for it is not the same ‘ some men ’ 
who are referred to in both cases. But the form of the 
propositions does not show this, since the interpretation of 
‘some’ must be purely indefinite. Thus, there is no real 
contrariety between I and O, and the name ‘ Sub-contrary’ 
is entirely arbitraiy. This is another instance of the tech- 
nical use of the word ‘ opposition,’ as the two propositions 
are perfectly compatible with each other; both may be, 
and often are, true, though both cannot be false. It 
follows, therefore, that to sublate the one is to posit the 
other, but not vice versa. Hence sub-contrary proposi- 
tions are inconsistent with regard to falsity but not with 
regard to truth. 

2. The Square of Opposition. — It has long been 
traditional in Logic to give, as an aid to remembering the 
doctrine of opposition, the accompanying diagram, called 
the Square of Opposition. 

If this diagram, with the proper positions of the letters 
which symbohse the four kinds of propositions, be once 
firmly stamped on the mind, but little difficulty will be 
found in retaining in the memory the whole theory of 
opposition. The universals are placed at the top, the 
particulars at the bottom, the affii-matives on the left, and 
the negatives on the right. The diagonals, as the longest 
lines, mark Contradiction, which is the most perfect and 
thoroughgoing form of logical opposition. The top line 
indicates Contrariety, and the bottom Hne, parallel to it. 
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Sub-contrariety. The fact that botb are horizontal natu- 
rally suggests that each connects propositions of the same 



quantity. The perpendicular lines appropriately represent 
Subaltemation. As the .diagonals run from the one top 
comer to the opposite bottom comer they indicate that 
contradictory propositions differ both in quality and quan- 
tity. Similarly, the top and bottom lines suggest a differ- 
ence in qualify only, and the side lines a difference in 
quantity only. 

The following Table exhibits at a glance all the in- 
ferences irhich the doctrine of opposition enables us to 
dr.aTv. The kind of opposition through -which they are 
reached is given by the letter, or letters, in brackets under 
each result. C means by contradiction ; S, by subaltema- 
tion ; Cy, by Contrariety ; Scy, by sub-contrariety. When 
any of these letters is printed in italics it means that the 
process it represents is indirect; that is, the result is 
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obtained, not immediately from tbe given proposition, but 
mdirectly through its contradictory. 


Given 


A true 


A false 


E true 


E false 


I true 


I false 


A 

0 

E 

I 


false 

(C) 

false 

(Gy, S) 

true 
(S, Scy) 


true 

(C) 

doubtful 

doubtful 

false 
(Gy, S) 

true 
(S, Scy) 


false 

(G) 

doubtful 

doubtful 


true 

(G) 

doubtful 

doubtful 

false 

(G) 


false 
(S, C7y) 

true 
(Scy, S) 

true 

(G) 


false 

(C) 


doubtful 

doubtful 

true 

(C) 


false 
(S, Gy) 

true 
(Soy, S) 


O true 


O false 


3. Opposition of Hypothetical Propositions. — Op- 
position applies equally ■well to those more definite judg- 
ments of connexion of content which are expressed in 
hypothetical form. The true hypotheticals : If S is M it 
is and If S is M it is not P — or expressed in the more 
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general but less definite symbolism. If A then X, and If 
A then not X — are universals, and correspond to tbe A and 
E categorical forms respectively ; wbile tbe particulars : 
If S is M it may he P, and If S is M it need not he P — or 
in tbe vrider symbolic form, If A then perhaps X, and If 
A then not necessarily X — correspond to the I and O 
categorical forms. Having thus all tbe four necessary 
forms, tbe vtbole doctrine of opposition is applicable. 

Similarly vritb tbe denobitive forms — or conditionals as 
vre have ventured to call them — ^wbicb give more concrete 
expression to tbe content of these abstract judgments.* 
Here tbe four forms are — 

If any S is M that S is always P — corresponding to A. 

If any S is M that S is never P — „ ,, E. 

If an S is M that S is sometimes P — ,, „ I. 

If an S is M that S is sometimes not P ,. 0. 

As tbe last tvo forms do not imply more than that S 
being P is a possible consequence of its being M, but not 
that S actually is P in any one case in "which it is M, they 
may be often better expressed by — 

If an S is M that S may he P — corresponding to I. 

If an S is M that S need not he P — „ „ O. 

4. Opposition of Disjunctive Propositions. — The 
most general symbolic form of the disjxmctive proposition 
— Either X or T — is most suitable to those cases in "which 
the alternative judgments have not the same subject. A 
disjunctive in this form must be regarded as singular, and 
as, consequently, only capable of contradiction. The con- 
tradictoiy proposition is Neither X nor Y, and this is not 
itself a disjunctive judgment. 

But^ the more perfectly stated disjunctive judgments, 
in "which several predicates are alternatively affirmed of 
the same subject, admit of distinctions of quantity, and 
propositions of opposite quality can be found "which stand 
to them in the relations of contradiction and contrariety. 

* See p. 107. 
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Tlras, with the judgment of content, S is either P or Q, 
the square of opposition can be completed by the pro- 
positions S is neither P nor Q (contrary) ; S may he either 
P or Q (subaltern) ; S need not he either P or Q (contra- 
dictory). These distinctions — as in the case of categorical 
judgments — stand out yet more clearly in the denotative 
forms of the propositions. Here we have the universal 
affirmative Every S is either P or Q; the imiversal negative 
No S is either P or Q\ the particular affirmative Some S's 
are either P or Q ; and the particular negative Some 5’s 
are neither P nor Q. But it wiU be noticed that none 
of the negative foims are disjunctive propositions. S is 
neither P nor Q is equally well expressed in the copulative 
categorical form S is hath non-P and non-Q and similar pro- 
positions express the negative denotative forms. Hence, 
the full doctrine of opposition cannot be said to be applic- 
able to disjunctive propositions. 



CHAPTER Xm. 


EDTICTIONS. 

1 Chief Eductions of Categorical Propositions. 

Eductions arc those forms of Immediate Inference 
hy wMch, from a given proposition, accepted as true, 
we educe otter propositions, differing from it in sub- 
ject, in predicate, or in both, whose truth is implied 
by it. Every Categorical Proposition gives us information 
of a certain subject, in terms of a certain predicate. But 
each of these terms has a conceivable negative ; and every 
categorical proposition, therefore, suggests to our minds, 
directly or indireotly, four terms — S, P, non-S, non-P. The 
problem before us is to enquire what predications about 
each, or any, of these possible terms are implied when S 
and P are connected in any given categorical judgment. In 
other words, whether, if we take each of these terms in turn 
as subject, the given proposition justifies us in predicating 
of it any of the other terms. We need not, of course, con- 
sider any forms of proposition in which the predicate is 
either the same term as the subject, or its negative — as S is 
S, S is non-S, P is not P, etc. — which are either mere 
tautology, or are self-contradictory and, therefore, self- 
destructive. Our enquiry is limited to those proposi- 
tions in which one term is S or non-S, and the other P or 
non-P. 

Now, when any one of these four terms is taken as 
subject, we have two possible predicates offered to us ; 
thus, we can predicate either P or non-P of S, and either S 
or non-S of P. This leads us to the kind of Eduction 
called Ohversion, in which we retain the same subject but 
negative the predicate of the original proposition. Again, 
if 5 is the subject, and P the predicate, of the given propo- 
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sition, we can form other propositions whose subjects are 
respectively, P, non-P, and non-S, and each of these propo- 
sitions can take two forms, one of which is derived from 
the other by obversion. Thus we get the following possible 
modes of inference, most of which involve a change, not 
only in the verbal expression, but in the foim of the judg- 
ment as thought — 

(1) Obversion — when the subject of the original pro- 

position is unchanged, but the predicate is 
negatived. 

(2) Conversion — ^when the subject of the inferred pro- 

position is P, and its predicate S or non-S. 

(3) Contraposition — when the subject of the inferred 

proposition is non-P and its predicate S or 
non-S. 

(4) Inversion — when the subject of the inferred propo- 

sition is non-S, and its predicate P or non-P. 

Hone of these can be valid inferences from any given 
proposition, unless the inferred proposition is involved in, 
and expresses the same truth as, that proposition itself 
expresses. We must, therefore, by careful examination, see 
which of them are justified by propositions of each of the 
four forms. A, E, I, O. 

Each of the inferences (2), (3) and (4) in the above list 
can take two forms, one with a positive, and the other with 
a negative predicate. Each of these forms is obtainable 
from the other by the process of obversion. As, however, 
the simplest foims are those which have the positive predi- 
cates, the simple names. Conversion, Contraposition, and 
Inversion, are applied to the processes by which they are 
arrived at. Those propositions themselves are called the 
Converse, Contrapositive, and Inverse, of the original pro- 
position ; while the corresponding forms with negative 
predicates are termed the Obverted Converse,.Ih.Q Obverted 
Contrapositive, and the Obverted Inverse, respectively, of 
that proposition. Thus, each of these names expresses the 
relation in which that derived proposition stands to the 
given one. 
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If vre use S and P to denote non-S and non-P respec- 
lirelj, vre hare the following empty schema of possible 
Eductions from categorical propositions — 


i. 

{ 

1 

Original Proposition - - - 

S~P 

2 

Obverse of (1) . ... . 

S—P 

ii. 

Converses of (1) • - 

3 

Converse of (1) 

P—S 

4 

Obverted Converse of (1) - - 

P—S 

iii. 

Contrapositives of (1) 

5 

Contrapositive of (1) - - - 

P—S 

6 

Obverted Contrapositive of (1) 

P—S 

iv. 

Inverses of (1) - • -! 

7 

Inverse of (1) 

S—P 

8 

Obverted Inverse of (11 ■ - 

S—P 

1 


TVe hare to enquire to what extent this empty schema 
can be filled out by either of the four kinds of categorical 
predication — A, E, I, O , — ^when the original proposition 
itself is of either of those forms. 

Many of the inferred forms are unusual and unnatural 
modes of expressing the truth which is stated most simply 
in the original proposition. Those of them, too, which 
contain negative terms are open, as primary modes of 
statement, to the objections already made to propositions 
containing those terms.^ But, when they are regarded 
simply as secondary modes of expressing the content of 
the original judgment, they are useful; as they make 
prominent a fresh side of the truth there enunciated. 

* See p. 34, 



















142 EDUCTIONS. [CH. 13 

And the -whole of them together, by placing that assertion 
in every possible light, make its implications much clearer 
and more definite than does a mere consideration of the 
proposition by itself. 

As Obversion and Conversion are the primary modes by 
■which these eductions are made — ^for all the other infer- 
ences are obtainable by combinations of these — a detailed 
consideration of them should precede that of the other 
forms. 

(i) Obversion is a change in the q-aality of a 
predication made of any given subject, -while the 
import of the judgment remains unchanged. The 
original proposition is called the Ohvertend, and that which 
is inferred from it is termed the Obverse. 

"Whenever -we assert anything -we, by implication, deny 
the opposite. That is, the affirmation of any predicate of 
a certain subject implies the denial of its negative; and 
the denial of any predicate implies the affirmation of its 
negative. The former of these foUo-ws from the Principle 
of Contradiction — for, if any 5 is P it cannot be non-Pj 
and the latter from that of Excluded hliddle — for, if any 
S is not P it must be non-P. All obversions of affirmative 
propositions, therefore, depend on the former of these t-wo 
principles ; and all obversions of negative propositions 
on the latter. But, to deny a negative is to affirm, for 
two negatives destroy each other ; and to affirm a negative 
is to deny; and, thus, obversion involves no change of 
meaning. The matter, therefore, which is expressed by 
an affirmative proposition can always be re-expressed by a 
negative, and vice versa. This is, however, a mere change 
in the mode of expression; it involves no process of 
thought, and consequently is not a real inference. It is, 
however, useful as a first step in contraposition. 

Prom this it follows that the subject of the obverse is 
the same as the subject of the obvertend in every respect, 
as, other-wise, we should not have a true denial of the 
opposite of that obvertend. The quantity of the two 
propositions is, therefore, the same. The predicate of the 
obverse is the negati-v^ of that of the obvertend, and this, 
to avoid alteration in meaning, necessitates a change in 
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the quality of the proposition. This gives us tlie one 
simple rule for obverting any proposition — 

Negative the gmdicaie and change the quality, hut leave 
the quantity unaltered. 

Applying this rule to the four forms of categorical 
propositions, ive find that 

A Diverts to E, E to A, I to O, and O to I ; 
or, expressed symbolically. 


Original Proposition - - 

SaP 

SeP 

M 


Obverse 

SeP 

SaP 


S iP 


It must be remembered that obversion is a reciprocal 
process, and, thus, that S a, P is ns much the obverse of 
5 e P as the latter is the obverse of the former. 

As material examples we may give the following pairs 
of propositions, each member of every pair being the 
obverse of the other member — 

\ A. All men are mortal. 

I E. No men are not-morlal. 

( E. No thoughtful men are superstitious. 

I A. All thoughtful men are uon-superstitious. 

( I, Some men are happy. 

( O. Some men are not not-happy. 

' O. Some men are not rich. 

I I. Some men are not-rich. 

"We may often write the obverse in a form more in 
accordance with the usages of ordinary speech by using 
a material contradictory, or a privative term, instead of 
the formal negative, for the new predicate. But, unless 
this term is exactly equivalent in meaning to the formal 
negative, _we do not make a true obversion by its use. For 
instance, in obverting A as given above, we could say, ‘ No 
men are immortal,’ for ‘immortal’ and ‘not-mortal’ exactly 
correspond. But we could not give ‘ Some men are not 
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unhappy ’ as the obverse of ‘ Some men -are happy ’ ; for 
‘happy’ and ‘unhappy’ do not exhaust aU possibilities, 
and, thus, the principle of conti-adiction does not apply to 
them. It is time that this proposition is justified by the 
given one, for ‘ not-happy ’ includes unhappy, as -well as aU 
other shades of departure from ‘ happy.’ But it is not the 
obverse ; for we cannot get back from it, by obversion, to 
our origmal proposition. The same holds in the case of all 
affirmative propositions ; the obverse justifies the denial of 
all teims which can be brought under the formal negative. 
But even this is not justifiable in the case of the obversion 
of negative propositions. From ‘ Some men are not happy’ 
we cannot conclude that ‘ Some men are imhappy,’ for tMs 
latter proposition asserts, not merely the absence of happi- 
ness, but the presence of a certain amount of positive 
misery. Still less can we infer from ‘ Some men are not 
rich ’ that ‘ Some men are poor ’ ; for ‘ rich ’ and ‘ poor ’ 
are contraries, and there are many intermediate stages 
between them. Obversion is, in short, a formal process ; 
and, therefore, if we do not use a formal negative term for 
our new predicate, we must make sm-e that the term we do 
use is the exact equivalent of that formal negative. 

(ii) Conversion is the eduction of one proposition 
from another by transposing the terms. The original 
proposition is called the Convertend, and that which is 
derived from it is named the Converse. 

We have, evidently, here a complete alteration of stand- 
point, as we have changed the subject or nucleus of our 
proposition. The predication is now made of in terms 
of S, whereas the original proposition contained an asser- 
tion about S in terms of P. Moreover, the truth of the 
converse follows directly from that of the convertend. 
Hence, the process is a real interpretative inference. Every 
proposition before being converted — or, indeed, used in any 
kind of formal inference — ^must be reduced to the strict 
logical form, S is P or S is not P, and the whole predicate 
must change places with the whole subject. For instance, 
the converse of ‘Every old man has been a boy’ is not 
‘ Every boy has been an old man,’ but ‘ Some who have 
been boys are old men ’ ; for the original proposition, in its 
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logical form, is ‘ Every old man is a person who has been 
a boy.’ As the converse simply rnahes the same assertion 
as the convertend, looted at, as it were, from the other 
side, it is clear that the quality of both propositions will 
be the same. 

Every act of conversion involves reading the original 
predicate in its denotation, in order that it may be made a 
subject-term. That we really do mate this change from a 
connotative to a denotative view is sho^vn by the fact that, 
if the predicate of the convertend is an adjective — as in 
'Xo crows are white’ — a substantive must be supplied 
before we can use that term as the subject of the converse 
— as ‘ Xo white things are crews.’ This involves a con- 
sideration of the distribution of the predicate in order that 
the converse may not assert more than is justified by the 
convertend ; and may necessitate a change of quantity. In 
other words, a mere transposition of terms is not always 
permissible ; we cannot go from ‘ All cats are animals ’ to 
‘ All animals are cats.’ The only conversion we are con- 
cerned with is lUative Conversion ; that is, conversion 
which is a valid inference, and in which either both con- 
vertend and converse are true, or both are false. Such 
conversion must obey these two rules : 

1. Tlie quality of the proposition must remain unchanged. 

2. INo term may he distributed in the converse which is 
not distributed in the convertend. 

We must now apply these rules to the conversion of 
each Mnd of categorical proposition. 

[a) Conversion of A. In the proposition S a P, while S 
is distributed, P is not. We cannot, therefore, convert to 
P a S — for that would break Eule 2 — but we must retain 
P in its undistributed condition, and write the converse 
P i S. Hence A converts to I, and the conversion involves 
a change of quantity Horn universal to particular. Such 
conversion was called by Aristotle Kara, pepos or partitive 
convCTsion. This name has, however, given place to the less 
descriptive one of conversio per accidens or conversion by 
limitation. 

Though the necessity for this mode of converting A 
I. L. 10 
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propositions is obvious enough when the rules for con- 
version are kept in mind, yet the improper conversion 
of A propositions is one of the most frequent causes of 
fallacy. Because it is a fairly weU establislied fact that 
lazy persons are often out of work, people jump to the con- 
clusion that if a man is often out of work be is necessarily 
lazy. Since the wages of unskilled labour in England are 
low, it is frequently assumed that all badly paid persons 
are rmskilful. Because all pious people go regularly to 
church, regular church-going is commonly regarded as a 
sure sign of piety. Such mistakes are continually made, 
yet they are on a par with arguing that every animal is a 
monkey because every monkey is an animal. Eo doubt, 
in some cases — as tautologous propositions and definitions, 
or when both subject and predicate are singular names — 
the simple converse, that is, converse without change of 
quantity, of A would give a true proposition. ‘ Every 
equiangular triangle is equilateral ’ is as true a proposition 
as is ' Every equilateral triangle is equiangular.’ But its 
truth has to be established by a separate and independent 
demonstration ; it cannot be inferred from the latter pro- 
position by conversion. Eor conversion is a formal process 
of inference and, therefore, must be applicable to every 
proposition of the same kind ; there cannot be two modes 
of formally converting A propositions. When the simple 
converse would be true in fact, it is because of special cir- 
cumstances which do not appear in the statement of the 
convertend. Hence, as P i 5 is the only converse which 
is materially true in all cases, and is formally true in any, 
that is the logical converse of S a P. For, while S a P 
asserts positively that the attribute which P denotes is 
found in every S, it is not stated whether, or not, it is 
foimd in other cases. 

This is fiirther obvious fi-om the fact that we require two 
diagrams to express an A proposition.' 

(b) Conversion of E. An E proposition can be con- 
verted simply ; that is, without change of quantity. For, 
S e P asserts that the attributes connoted by P are found 

' See p. 118. 
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in none of tlie objects "wbicb S denotes, but only in other 
objects. Hence, none of the objects in which P is found, 
and which are all denoted by P used as a substantive 
name, possesses the attributes which aro connoted bj’- S. 
The separation between the things which are S and those 
which possess the attribute P is total and absolute; and 
is, therefore, reciprocal. Whether we regni-d it from the 
side of S or of P, each individual S differs from each 
individual P. Thus, we can convert S e P to P e S. If 
'Ho horses are carnivorous,’ it follows that 'Ho carnivor- 
ous animals are horses.’ 

So, if we refer to the diagrams, we see that only one is 
required.’ 

(c) Conversion of I. As neither term in an I proposi- 
tion is distributed, it is clear that, by converting it simply, 
we shall break neither of the rules of conversion. Thus, 
S i P converts to P i S, and the proposition remains par- 
ticular. ‘ Some herbs are poisonous ’ gives as a converse 
‘ Some poisonous things are herbs.’ The ‘ some ’ remains, 
of course, purely indefinite; and when wo speak of the 
simple conversion of I we do not mean that ' some ’ denotes 
the same proportion of the total denotation of the subjects 
of both convertend and converse. Wlien the subject of 
the convertend is a genus of which the predicate is a 
species, the simple converse reads somewhat awkwardly. 
Thus, ' Some human beings are boys ’ converts to ‘ Some 
boys are human beings,’ which, we feel, is not so definite 
an assertion as our knowledge of the matter would warrant 
us in making. This is particularly noticeable when we 
reconvert the converse of an A proposition. The converse 
of S a P is P i S, and we can only convert this again to 
S i P, where the double logical process has led to a. loss of 
fullness in the statement. For example, ‘ All monkeys are 
animals ’ converts to ‘ Some animals are monkeys,’ and the 
simple converse of this is ' Some monkeys are animals.’ 
This shows that conversion per accidens is not a reciprocal 
process, as simple conversion is. But, no matter what the 
I proposition is, or whence it is derived, it can, by itself, 

’ See p. 118. 
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only justify us in deducing another I proposition as its 
converse. 

This indefiniteness is illustrated hy the fact that I 
requires four diagrams to express the possible relations 
between P and S which it covers ; from examination of 
these it is evident that the relation between the terms is 
always positive, but so far as quantity is concerned abso- 
lutely indefinite.^ 

(d) Conversion of O. As the predicate of an O pro- 
position is distributed, but the subject undistributed, we 
cannot convert a proposition of that form at all. For, by 
Eule 1, S 0 P must convert to a negative proposition with 
S for its predicate. This would distribute S ; but Eule 2 
forbids this distribution, as S is not distributed in the 
convertend. S o P asserts that Some S’s.have not the 
attribute P, but it says nothing about the other possible 
5’s. Hence, though the Some S's which form the subject 
are entirely separated from aU those things which possess 
the attribute P, it. does not follow that these latter are 
excluded from all the S’s. It is possible that every P is S, 
though there are other instances of S as well which are 
not P. For example, ‘ Some men are not honest ’ will not 
justify us in inferrmg that ‘Some honest beings are not 
men ’ ; nor can we say that some who pass an examiaation 
do not sit for it, because it is true that some who sit for 
an examination do not pass. In many cases, no doubt, the 
simple converse of an O proposition would be materially 
true ; thus ‘ Some men are not black ’ and ‘ Some black 
things are not men ’ are both true propositions, but neither 
can be inferred by formal conversion from the other, for 
neither statement is justified by the other. 

If we examine the three diagrams required to represent 
O we see that no relation between P and S is common to 
them aU.2 Therefore we cannot convert the proposition 
SoP. 

To sum up the results we have obtained — 

A converts per accidens ; E and I, simply ; O, not at all. 


1 See p. 118. 


- See p. 118. 
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(<’) Olvericd Conversion. As any categorical proposition 
triatover can be obverted, wo can get a new inference from 
tlie orieinal proposition by obverting the converse, accord- 
inc to the rales given in snb-section (i). Thus, expressed 
symbolically, we get — 


\ 

' 1 

Origin!'*! Proposition ... 

SaP 

SeP 

SiP 

SoP 

o 

Converse of (1) 

PiS 

PeS 

PiS 

(None) 

\ 

Obverted Converse of (1) 

PoS 

PaS 

PoS 

(None) 


As material examples we may give — 


rOricinal Proposition - A - Every irntlifiil man is truslcd. 

-{ Con'verso • - • I - Some trusted men are truthftd. 

( Obverted Converse - O - Some trusted men are not wUnithful, 


rOriginal Proposition - E -JS'o cultivated district is uninhabited. 

J. Converse - - - E - Ko uninhabited district is cultivated. 

(obverted Converse - A - All uninhabited districts are uncidtivated. 


I Original Proposition - I - Some British subjects are dishonest. 

J Converse -* - ■ T -Some dishonest people are British subjects. 

(obverted Converse - O - Some dishonest people are not aliens. 


(iii) Contraposition is the inferring, from a given 
proposition, another proposition whose subject is the 
contradictory of the predicate of the original propo- 
sitioni The derived proposition is called the Contra- 
fositive ; there is no corresponding distinctive name for the 
original proposition. 

The contrapositive of any given proposition is most easily 
arrived at indirectly. It makes a predication about the 
contradictory of the predicate of the given proposition. 
2sow, this contradictory appears as the predicate of the 
obverse of that proposition. If, then, this obverse can be 
converted it gives a proposition of the form required, in 
which the negative of the original predicate is the subject, 
and the subject of the original proposition is the predicate. 
Hence, the simple rule for contoaposition is : 

First obvert, then convert. 
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This ■will give, in every case, a proposition differing in 
quality from the original one ; for ohversion changes the 
quality, and conversion does not change it hack again. But 
the quantity remains unchanged, except in the case of the 
contraposition of E ; for, ohversion does not change quan- 
tity, and, therefore, any change in quantity must he due to 
the subsequent conversion. Now, as A and O ohvert to 
E and I respectively, and hoth of these convert simply, the 
quantity will remain unaltered. But E ohverts "to A, 
which can only he converted per accidens, and hence the 
contrapositive of the universal negative is a particular 
affirmative. Thus, comparing the contraposition with the 
conversion of universal propositions in respect to quantity, 
it is seen that when the one inference causes a change in 
quantity, the other does not, and vice versa. 

As I ohverts to O, which cannot he converted, there can 
he no contrapositive of I. 

Contraposition is sometimes called Conversion by Nega- 
tion, and, as we see, it can he apph’ed to O pi'opositions, 
and is the only fonn of ‘conversion’ which can he so 
applied. But, it is better not to use ‘ conversion ’ in this 
sense, as the contrapositive has not the same subject as the 
converse, and also Offers from it in quality. 

Obverted Contraposition. Having obtained the contra- 
positive of any proposition we can ohvei't it, and thus get a 
proposition of the same quality as the original one. This 
Obverted Contrapositive has for each of its terms the con- 
tradictory of a -term in the given proposition — ^its subject 
is the negative of the original predicate, and its predicate 
the negative of the original subject. Some writers have 
confined the name Oontrapositive to this fonn. The older 
logicians all did this, as they held that contraposition, being 
a kind of conversion, should not change the quaHiy of the 
given proposition. There seems, however, to he no reason 
for thus restricting the application of the name. Both 
forms are contrapositives, and_when we wish ’to distinguish 
them, we call the simpler — ^that is, the one which retains 
one of the original terms — the contrapositive, while the 
proposition derived from that by ohversion is fitly named 
the obverted contrapositive. 
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We get, then, the following results, expressed symboli- 
cally — 


1 

Original Proposition 



m 



[Obverse of {!)] 

[SeP] 

[SaP] 

[SoP] 

[SiP] 

D 

Contrapositive of (1) 

PeS 

Pis 

(None) 


{ A. 

\ 

Obverted Contrapositive of (1) 

PaS 

PoS 

(None) 



As material examples we may give — 

Original Proposition - A - Every poison is capabli of destroying 

life. 

[Obverse] - • [No poison is incapable of destroying 

life.'] 

■ Contrapositive • - E - Nothing incapable of destroying life 

is poisonous. 

Obvd. Contrapositive - A - Everything incapable oj destroying 
^ life is non-poisonous. 

' Original Proposition - E - No lazy person is deserving of success. 
[Obverse] ... [A] - [Every lazy person is undeserving of 

e«cces8.] 

. Contrapositive - - I - Some people undeserving of success 

are lazy. 

Obvd. Contrapositive - O - Some people undeserving of success 

are not not-lazy. 

i' Original Proposition . O - Some unjust laws are not repealed. 

J [Obverse] - - - [1] - [Some unjust laws are unrepealed.'] 

I Contrapositive - - I - Some unrepealed laws are unjust. 

[ Obvd. Contrapositive - O - Some unrepealed laws are not just. 

The great value of. contraposition is this. The aim of 
science is to reach propositions which are in fact reciprocal. 
In such propositions the predicate is stated so definitely 
that it is smctly characteristic of the subject, that is, it 
belongs in exactly that form to nothing else, and the 
knowledge expressed by the proposition is, therefore, of 
the most precise form attainable. When then S a P \b 
established, we want to know if f* a 5 is also true ; and the 
readiest way to establish this is generally to examine cases 
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of S and endeavour to establisli the proposition S e P 
wHcli is the contrapositive ot P a S. The importance of 
this will appear more clearly in the discussion of Induction. 

(iv) Inversion is the inferring, from a given pro- 
position, another proposition whose subject is the 
contradictory of the subject of the original proposi- 
tion. The given proposition is called the Jnvertend, that 
which is inferred from it is termed the Inverse. 

The inverse of any given proposition is most easily 
arrived at indirectly, through some of the forms of educ- 
tion we have already considered. We can only obtain the 
contradictory of a term by obverting the proposition of 
which that tenn forms the predicate. S must, therefore, 
have been made the predicate of a proposition, and then 
that proposition must have been obveided _ for us to get 
non-S. Two eductions — the obverted converse and the 
obverted contrapositive — satisfy these conditions. If, then, 
we can convert either of these we have an Inverse. Hence 
the rule for Inversion is — 

Convert either the Obverted Converse or the Obverted Con- 
trapositive. 

In the case of A the obverted converse is P o S, and this 
is inconvertible. But the olwerted contrapositive is P a S, 
which can be converted to S i P. As both the terms of 
this proposition are contradictories of those which appear 
in the original proposition, it is not the simple, but the 
obverted, inverse. As, however, obversion is a reciprocal 
process, we can obvert this to S o P, wliich gives the simple 
inverse. „ 

In the case of E the obverte^converse is P a S, which, 
by conversion, gives the inverse S i P ; this we can obvert 
to S 0 P, which is the obverted inverse. _ 

In the case of I the obverted converse is P o S, which 
cannot be converted; and it has no obverted contraposi- 
tive ; therefore, it can have no inverse. 

In the case of O there is^o obverted converse, and the 
obverted contrapositive is P o S, which ca»not be con- 
verted ; O has, therefore, no inverse. 
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So the possible inverses expressed symbolically are — 


1 1 Original Proposition 


2 ' [OLverted Converse of (1)] 


.*5 I [Obverted Contrapositive of (1)] 


Inverse of (1) - 


5 Obverted Inverse of (1) - 


S a P S e 





As material examples we may give : — 

/ Original Proposition - A - Every truthful man is trusted. 

' [Om-d. Contrapositive] - [A] - [Every not-trusted man is untruthful.] 
j Inverse - - - O - Some untruthful men are not trusted. 

* Obvd. Inverse - - I - Some untruthful men are not-tnisled. 

'Original Proposition - E • No unjust act is worthy of praise. 
[Obid. Converse] - -[A]- [Every act worthy of praise is just.] 

J Inverse - - - 1 -Some just acts are worthy of praise. 

Obvd. Inverse - - O - Some just acts are not unworthy of 

^ praise. 
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2. Ednctions of Hypotlietical Propositions. — Tiiongli 
true hypotlieticals are universal, yet -we have seen that 
some particulars take the same general fonn, and may he 
regarded as imperfectly developed hypotheticals.^ Embrac- 
ing these propositions -we have forms corresponding to each 
of the four forms of categorical propositions, and the full 
table of eductions is applicable to them. These inferences 
are seen, perhaps, more clearly when the propositions are 
not written in the abstract form directly expressive of con- 
nexion of content, but ia the following more concrete and 
denotative forms which are justified by and coriuspond to 
them, and which we have called conditionaP — 

A. If any S is M, then always, that S is P. 

E. If any S is M, then never, that S is P. 

I. If an S is M, then sometimes, that S is P. 

O. If an S is M, then sometimes not, that S is P. 

It must be remembered that ‘sometimes’ is purely in- 
definite, like ‘ some,’ and moreover it does not necessarily 
imply the actual occuri'ence of the consequent in any one 
instance ; its force is really ‘ it may be,’ while ‘ sometimes 
not ’ simply means, ‘ it need not be.’ 

As examples we will give the eductions from A expressed 
symbolically — 


/Orig. Prop. 
\ Obverse 

- A 

- E 

- If any S is M, then always, that S is P. 

- If any S is M, then never, that S is not P. 

f Converse 
■j Ob. Conv. 

- I 
0 

■ If an S is P, then sometimes, that S is M. 

- If an S is P, then sometimes not, that S is 
not M, 

f Gontrap. 
\Ob. Contr. 

- E 

- A 

- If any S is not P, then never, that S is M. 

- If any Sis not P, then always, that S is not M. 

^Inverse 

- O 

• If an S is not M, then sometimes not, that S 

is P. 

• If an S is not M, then sometimes, that S is 

j Ob. Inv. 

- 1 


not P. 


' See p. 108. 


* See p. 107. 
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3. Eductions of Disjunctive Propositions. — ^Educ- 
tions can only be drami from disjunctive propositions in 
uhicb alternative predicates are affirmed of one subject. 
They are more clearly seen if "we talre the denotative foians 
of proposition, corresponding to tbe categorical A and I, 
and tbe same eductions can be drawn from tbe former as 
from tbe latter. Tbe derived propositions, however, are not 
themselves disjunctive. 

Tbe symbolic expressions of tbe eductions from a uni- 
versal disjunctive are — 

Fvery S ts either P or Q. 

No S is both P and Q. 

Some things that are either P or Q are S. 

Some things that are either P or Q are not 8. 

Nothing that is both P and Q is S, 

Everything that is both P and Q is S. 

Some Ss are neich^ PnorQ, 

Some S's are both P and Q. 


yOrig. Prop. 
(. Obverse. 

y Con verse. 
tOb. Conv, 

yContrap. 
lObv. Contr. 

yin verse. 
LObv. Inv. 



CHAPTER XIV. 


FA-tliA-CIES INCIDENT TO IMMEDIATE INFERENCE. 

1. False Opposition. — ^Any of tlie inferences based on 
tbe opposition of propositions may be ivrongly draivn, and 
we then have a fallacy of opposition. Thus, for example, 
to infer tbe falsity of the subaltern from that of its sub- 
alternans, or the truth of the subaltemans from that of its 
subaltern, would be such a fallacy. But the most dangerous 
and frequently committed fallacies of opposition are those 
connected with contradiction. The contrary may be con- 
fused with the contradictory. It is easy to state a number 
of alternatives and assume that they are all that are pos- 
sible. As we have already noted, one form of misinterpre- 
tation of a disjunctive proposition is due to thus assuming 
that the alternatives given exhaust the possibilities. Under 
this head may be brought Aristotle’s fallacy of Many 
Questions. 

Plnres Interrogationes. — ^The Fallacia Plwium Inter- 
rogationum or Fallacy of Many Questions, is the attempt to 
get a single answer to several questions asked in one, as in 
the old example : ‘ Have you left off beating your father ? ’ 
Other examples would be ‘ Where did you hide the goods 
you stole last night ? ’ ‘ Have you cast your horns ? ’ 

This last is a traditional example, and from it the fallacy 
is sometimes called the Gornntiis. The whole is to-day 
quite frivolous, and the only justification for noting it as a 
separate class of sophism was that the common method of 
disputation amongst the Greeks was a procedure by ques- 
tion and answer. It lingers among om’selves as a common 
device of a cross-examining counsel. The essential nature 
of the fallacy is false opposition, due to the wrong appli- 
cation of the principle of Excluded Middle. The usual 
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examples tato fhe form ‘ Is it or y ? ’ and assume that it 
must be either x or y ; that there is no other alternative. 
Tims the first example omits the alternative ‘You never 
did beat your father,’ and assumes that the only possible 
alternatives are ‘ You still heat your father ’ and ‘ You used 
to beat him but do so no longer.’ 

2. Illicit Conversion. 

(i) Abstract. — To convert a proposition so that a term 
is used universally in the converse tvhich tvas only used 
pa.rticularly in the convertend is a fallacy not infrequently 
committed. This is only possible •with A and O categorical 
propositions, and "with the hypothetical forms 'which corre- 
spond to them. When the fallacy is committed openly it 
may be called ahstract] ■when it is hidden by the language 
it may be said to be concrete. The former class of fallacies 
has been already discussed ■with sufficient fullness.' Under 
the latter head come two of Aristotle’s fallacies, "^iz. Acci- 
dm.s, ■where the illicit conversion is that of an A categorical 
proposition, and Conseqitens, ■where it is of a Universal 
hypothetical. 

(ii) Accidens. — The Fodlacia Accidentis arises when a 
predication which can be correctly made of any subject is 
made of all the ‘ accidents ’ of that subject. But by ‘ acci- 
dent ’ is here meant, not what is denoted by that name in 
Porphyry’s Scheme of Predicables,* but, any subordinate 
pa.rt of a general notion. Thus, every species and indi- 
vidual is an accident of its genus, in this sense of the term. 
The fundamental invalidity in such inferences is the simple 
conversion of an A proposition, whence the correct conver- 
sion of that form of proposition is said to be per accidens. 
Tims, to take an example given by Aristotle: “Eveiy 
triangle has its tliree angles equal to two right angles; 
every triangle is a figure ; therefore, every figure has its 
three angles equal to two right angles.” Here -we have a 
spurious syllogism with filicit process of the minor term • 
that is, ‘ figure ’ is distributed in the conclusion though not 
in the premise. But if the minor premise were sunply con- 

' See p. 146. * See pp. 40 42-43 
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verted the formal argument vrould he a correct syllogism, 
though with a false minor premise. The eiTor is obvious. 
“Tet,” says G-rote, “Aristotle intimates that a scientific 
geometer of his day, in argument with an unscientific 
opponent, would admit the conclusion to he weU proved, 
not knowing how to point out where the fallacy lay ; he 
would, i£ asked, grant the premises necessary for con- 
structing such a syllogism ; and, even if not asked, would 
suppose that he had already granted them, or that they 
ought to he granted,” which, as Grote remarks, “ affords 
us a curious insight into the intellectual grasp of the 
scientific men contemporary with Aristotle. ” ^ Under this 
head should come a form of fallacy which is classed hy 
De Morgan under the head of sequivocaiio. “ To call you 
an animal is to speak truth, to call you an ass is to call 
you an animal; therefore, to call you an ass is to speak 
truth.” 

Many logicians have failed to understand the nature of 
this fallacy, and have regarded it as hut another name for 
the Fallacia a dicto simpliciter ad dictum secundum qxdd. 

(iii) Conseq.uens. — The Fallacia conseqtoentis was in- 
tended hy Aristotle to denote simply the formal error of 
inferring the truth of the antecedent from that of the con- 
sequent, or the falsity of the consequent from that of the 
antecedent. In the former case the error involved is that 
of invalid conversion ; in the latter case we have an in- 
stance of illicit inversion. Like other fallacies, the in- 
validity is often hidden hy the length and complexity of 
the argument in which it occurs. The most dangerous 
form of it is, undoubtedly, the assumption that a conclu- 
sion is necessarily wrong because it is supported hy invalid 
arguments, or, conversely, that the arguments urged in 
support of a proposition accepted as true must necessarily 
be cogent. In both these cases personal bias and prejudice 
have abundant scope to come into operation. When a 
conclusion is deduced from an invalid argument, we are 
only justified in saying that such a conclusion is not 
proven, not that it is disproved. In any case, it must he 


* Aristotle, p. 391. 
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remembered, a proposition can only be disproved by a 
cogent argument establishing its contradictor)’. 

d. Illicit Contrapositioji. — Contraposition is illicit 
vnen the conclusion contains a distributed term ■which 
was undistributed in the premise. As contraposition 
involves both obversion and conversion, it "iidll be found 
That the invalidity is al'ways in the latter process. Thus, 
a fallacy of contraposition is only possible ■when the given 
promise is an E or I proposition or a hypothetical proposi- 
tion of corresponding form. 

4. Illicit Inversion. — To infer from _Evcr>j S is P that 
Iso S is P or from fTb S is P that Every S is P would be to 
commit, the fallacy of ilhcit inversion. Thus to argue 
that ‘ Thought is existence, therefore, ■what contains no 
element of thought is non-existent ’ or that ‘ A had man 
must be miserable because happiness is the result of ■well- 
doing ’ is to commit this faUacy. Similarly to assume 
that because the proposition If S is M it is P is established, 
therefore, "we are justified in assuming that If S is not M 
it is not P -would he to commit this fallacy. Inductive 
enquiry is somewhat liable to this error. The sufficiency 
of a positive condition to secure a given result must no-fc, 
ho-wever, he held to demonstrate that the result could be 
attained in no other way. Because a certain flo'wer is 
fertilised -when it is visited by insects, it does not follow 
that it could not he fertilised if no insects came near it. 
Whether it is so or not must he settled by a special 
enquiry conducted -under conditions -which exclude the 
positive agent already kno-wn to be sufficient to secure the 
result. 



CHAPTER XV. 


OENBEAIi METHOD OF KNOTVEEDGE. 

1. nature of Logical Method. — ^The aim of thought 
is to reach exact knowledge. Such knowledge is a branch 
of science, no matter with what material it is concerned, 
and the thought which deals with it is scientific thought. 
The popular restriction of the words ‘ science ’ and ‘ sci- 
entific ’ to knowledge of the material .universe has no 
logical meaning. It is true that in some such depart- 
ments of knowledge greater precision and certainty have 
been reached than in those which deal with human affairs, 
either in the present or in the past. That is because the 
mateiial is more amenable to manipulation and more 
uniform in its nature than are the motives and, con- 
sequently, the actions of men. But whether we deal with 
external natui’e or with the deeds of men in history, 
politics, economics, ethics, or any other aspect of human 
activity, the aim is always to reach real exact knowledge. 
That is, the aim is the estabhshment of science, and the 
means adopted are scientific in intention and in concep- 
tion, even though they cannot be employed with as much 
care, certainty, and exactness as in physics or in chemistry. 

In whatever department of knowledge the scientific 
investigator is worMng, much sad experience proves that 
he is liable to error. His conclusions may be true or may 
be false, or they may be a mixture of truth and falsity. 
What standard is there by which to test whether the 
results reached are trustworthy? As the very rdtimate 
postulate of thought is that the truth cannot contradict 
itself, it is evident that consistency both with what is 
already known and with what may in the future be 
estabhshed is the only conceivable test. If as knowledge 
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in that sphere advances such agreement continues to hold, 
the conclusions reached may be regarded as practically 
established. If it fails to hold, those conclusions must he 
either rejected or modified. 

In every form of human activity success depends on 
sldll acquired by long and patient practice. But skill 
means that the activity, he it bodily or be it mental, has 
gradually discovered the best way — or method — of setting 
to work." That there is a slnll in discovery and in thinking, 
and that that skill is the outcome of practice becoming more 
and more effective, rejecting the needless and discerning 
with increasing certainty the pertinent, is evidenced by 
the notozious fact that it takes a long apprenticeship to 
make a successful worker in any department of know- 
ledge. The question for logic is whether this skill has 
features coimnon to aU its applications to this or that 
sphere of thought. Here logic has evidently to wait on 
the sciences. In the actual work of the study and the 
laboratory some methods have proved successful and have 
consequently been refined and extended: others have 
issued in failure and have needed modification if not re- 
jection. As science advances it improves its methods, 
and, it may be, modifies the conceptions which guide them. 
Such adaptation, in so far as it touches the common 
features of which we have spoken, must be recognised and 
accepted by logic. In other words, the establishment of 
the logic of method is itself a scientific work which uses as 
its material the special methods of the various sciences 
which deal directly with the facts of the world. But with 
the special features of these methods logic has no dhect 
concern. Most certainly it makes no claim to dictate 
them, and most cei-tainly also it did not — and could not— 
originate them. 

2. Analysis and Synthesis. — How scientific thought 
has two main objects — ^to reach truth and to expound it. 
The method suitable to the one of necessity differs from 
that appropriate to the other. For in the second case the 
whole system peitinent to the matter in hand is known, 
and the task is to set it forth as clearly and accurately as 
i-L. 11 
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possible. Tbougbi arranges tbe parts in tbeir ascertained 
relations to eacli other in a known and understood system. 
The whole arrangement can be made orderly and correctly 
proportioned, just because the whole is Imown through 
and through. This, for example, is what is done in a 
good ‘ smnming-up ’ by the judge of a case in the law- 
couids. Such a method has long been known as Synthetic, 
because it puts together the elements of a whole in an 
orderly manner determined by the natui’e of that whole. 

So we see why it has been called the method of in- 
struction, and all scholastic history shows that for long 
centuries it was practically so employed. That friend of 
otu' childhood, ‘ Euclid’s Elements of Geometry,’ is es- 
sentially synthetic in its arrangement. So, too, was the 
traditional method of teaching Latin grammar in abstract 
rules which had to be deductively applied to interpret 
Latin sentences. 

Nowadays we see that this method of exposition is 
only suitable when the object is to put a reasoned result 
before one who has sufficient knowledge to appreciate the 
force of our premises. In other words, when a speaker or 
writer adopts this method he is — at any rate presumably 
— assuming that his hearers or readers have knowledge of 
like character with his own, if not of equal extent. 

When, however, the object is to teach those who have 
not such knowledge, the emptiness of the mind of the 
learner should be recognised. Whatever it may be to the 
teacher, the advance on the part of the learner is a dis- 
covery of knowledge, and the object to be accomplished is 
not merely the gathering of information but yet more the 
acquirement of skill in dealing with reahty in thought 
and in act. In the essentials of method — i.e. of the 
progress of thought — ^the learner is always a learner, no 
matter at what part of the ideally complete system of 
knowledge he is working. He may be a beginner, or he 
may see his system nearing completion. But in each case 
he has to start with fragments of knowledge and to try to 
connect those fragments together and to relate them to 
yet other fragments, as yet unknown, till a systematic 
whole stands before his 'mind. 
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But- his thought deals with reality, and in reality alone 
can it find its material. Yet that material cannot be 
eathered straight away. The relations which bind thing 
to thing do not usually lie on the sm-face. On the con- 
trarv they have to be sought with much laboirr and ijain 
and* frequent disappointment. After ages of effort many 
of the secrets of nature are secrets still. Such seeking is 
an analytic process of thought, that is a process which 
separates and holds apart what is combined in actual fact, 
often in so complex a way that the combination appears 
to the investigator as confusion. So the method of dis- 
covery is essentially Analytic. 

YThen the two methods are compared it is evident that 
the former presents a much more complete appearance 
than does the latter. As far as it goes it is a finished 
whole, but the latter always shows that its end is not 
reached. Hence it follows that the path of science is 
through analysis to synthesis, and that the more the 
contents of any department of knowledge can be exhibited 
synthetically the nearer has that branch of human effort 
approached its goal. 

Abstractly, then, analysis and synthesis stand contrasted. 
Yet as the one leads to the other they are not antagonistic. 
Hor are they in practice held apart. The progress of 
Icnowledge is gradual, and at every step a synthesis of the 
results attained is the one sure basis of further advance. 
In no science is the one method used to the exclusion of 
the other, though in some sciences, as has been said, syn- 
thesis is more possible than in others. This is so in pro- 
portion as the relations considered are few and simple, 
as is emphatically the case with mathematics, where the 
relations dealt vsdth are ideal and hypothetical and are 
only approximately discoverable in the real things of the 
world. They are relations which exist in them purity only 
for thought; consequently thought can deal with their 
results. But these results also are only hypothetically true 
— ^that is, they hold only imder conditions which are never 
fuUy realised in fact. Still, to whatever extent mathematics 
can be applied to any branch of knowledge that science 
becomes synthetic. For example, astronomy and physics 
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are mucli more eyntlietic than chemistry or geology, and 
these more so than history or politics. 

Broadly speaking, the physical sciences present us rsdth 
particular objects and phenomena which demand from the 
enquiring mind an explanation. They suggest problems 
for solution, but the principles on which the solution de- 
l^ends are not apparent on the sm-face. Indeed “ between 
these principles and the facts under consideration the dis- 
tance is often immense. To pretend to tra^'erse it at a 
stride, as Descartes says on the subject of method in 
general, is to wish to rise to the summit of a tower while 
neglecting the ladder intended for the purpose.”* That 
ladder is analysis. We seek by careful observation, and 
where possible experiment, to detach what is permanent 
and essential from what is variable and accidental. The 
connexions so' discovered are formulated as a. law or prin- 
ciple, and fui'ther investigation is dii-ected to establishing 
the dependence of this law on others expressing relations 
of wider and yet wider generality. Such is the method 
most appropriate to the sciences which deal with concrete 
reality. Of these we may mention chemistry, biology and 
geology as being largely analytical. 

But the process is one of great practical difficulty, and 
rarely is it immediately evident what principle expresses 
the relations which an examination of the facts suggests. 
Various possible principles may seem to offer a solution, 
and frequently the only way to decide between them is to 
assume one of them to be true, to draw out the conse- 
quences which follow from it, and to compare the results 
with the facts. But to argue from principles to conse- 
quences is a process of synthesis, and thus one of the 
most important uses of synthesis is to eke out the defici- 
encies of analysis. The two together have made many 
discoveries possible which neither could have achieved 
alone. 

At the same time there are some departments of know- 
ledge rich *in accepted general principles, in which the 
method is mainly synthetic. Such is mathematics. Start- 


* Rabier, Logique, p. 298. 
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iiicr from certain axioms, ucflnitions and postulates with 
ro^'avtl to inimbor and space, a cIo-joU' connected s;, Etein of 
tri'Jii is developed which in its most complex particulars is 
ultimately dorivcl from those fundamental assumptions. 
Ir.deei the groatc.st step in transforming the general 
melLol of science is when considerations of exact quan- 
tity are first made applicable. The science is tlien brought 
into touch with mathematics, which has of all the scionce.s 
the most complete, because the most syntlietic, method. 
Thus, b‘r example, the science of astronomy has been since 
tl.'o time of Ifewlon largely a mntliomafical application 
to the moTcmonts of the heavouly bodies of the laws of 
motion which, lie first formulated ; so, too, phj-sics is 
h'^^oming increasingly quantitative and therefore synthetic 
in its methods. 

Hut even mathematics is not entirely synthetic. When, 
for example, a theorem is proposed to a geometrician, lie 
may assume the theorem to be true and work backv.-ards 
to the conditions whicli must be fulfilled if tlic truth of 
the theorem is to be csfabli.shed. If in tlic course of this 
rt‘gress he amvos at a condition which is realised in the 
p'u-ti;ular case under consideration, lie regards the theorem 
as demonstrated. If it be a problem instead of a theorem, 
he seel::- for conditions which can be realised and then 
eli'ccts the construction desired. 

For example, let it be required to describe a circle 
tbrougli two given points M, N. If P be the centre of 
the given circle obviously it must satisfy the conditions of 
eqiiidi.'tance from AT and N the middle point Q of Af iV 
is such a point Q is a centre. Can more circles tlian one 
be described? Let P be tlio centre of any other circle 
through Af and N. Join QE. Again B must be equi- 
distant from AT and N. That would be so if the 
IxsBMQ, NEQ were equal: they would be equal if 
/.EQiI= Z EQN. These will be so if they are right 
angles. Eealise this condition and the problem is solved. 
The reasoning is anal3^tic throughout and may be sym- 
bolised : A depends upon B, B upon C, G upon P. B is 
a realised or realisable condition .•. A at once follows. 
Indeed in mathematics, though synthesis is of .such im- 
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portance, progress is frequently made by a careful analysis 
of suggested theorems or problems leading back to those 
which have been previously established or solved. Yet 
in directly communicating the results of research to others 
the synthetic method is adopted. 

Whenever a great and wide-reaching general principle 
is suggested the work in that science becomes at once 
synthetic and analytic. The truth of the principle being 
hj’^pothetically assumed, its results are worked out deduc- 
tively, and so is reached a synthetic exposition of the 
system as it would be were the assumption true. But 
at the same time, and at every step, analytic enquiry into 
pertinent facts is pursued, guided, of course, by the 
hypothesis, yet not blinded by partiality for it so as to 
misread the facts. The aim of the analysis is not to 
establish the hypothesis, but first to test it. Its result 
may be modification or even rejection. In any case the 
synthesis, after it has taken up into itself the results of 
the analytic work, must be a very different thing — fuller, 
more clearly conceived, more exactly constructed — than 
was the preliminary synthesis. Moreover, it has passed 
from being merely a constriction of possibilities to being 
a representation of reality. Such combined analytic and 
synthetic work goes on for years — even for centuries — and 
at every stage those two crutches of human thought in its 
slow march towards the truth are indispensable. In our 
own day we see one of the most striking examples of this 
which the history of thought has shown in the gradual 
establishment of the hypothesis of evolution in the bio- 
logical sciences. 

We see, also, how the possibility of synthesis in one 
branch of knowledge acts not only as an incentive but also 
as a clue to possible synthesis in others. Evolution is now 
the guiding thought in all that concerns human life — in art, 
in religion, in language, in law, in politics, in economics, 
in ethics, as well as in what concerns man’s animal natmn. 
It has lifted all these sciences to a level where thorough- 
going synthesis for the first time appears possible. It has 
done the same kindly service to geology, and even the 
more purely physical sciences have felt its influence. Thus 
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this great principle bids fair to do as much for the ulti- 
mate synthesis of the whole of knowledge into a systematic 
conception of the universe as the epoch-maldng theory of 
gravitation has done. 

Though analysis and synthesis thus co-operate, there is, 
nevertheless, a profound difference between theii’ points of 
view. In the one case thought advances to an understand- 
ing of the whole through consecutive mastery of its parts 
and of their relations ; in the other it progresses to a more 
thorough understanding of the parts through their relation 
to the whole it is making more definite. Yet analysis 
retains its hold on the whole it analyses, and synthesis its 
grasp of the parts it is synthesising. As has often been 
remarked since Condillac, it is impossible to take a watch 
to pieces without at the same time perceiving, more or less 
clearly, how the parts we detach were related to the 
mechanism as a whole. Yet to take a watch to pieces is 
not the same thing as to construct a watch from its con- 
stituent parts. So, in reasoning we deal -svith wholes and 
with parts, and we may proceed from either to the other. 
But the parts are meaningless except as constituents of the 
whole, and the whole is only secured when the parts are 
fully known and related. 

The illustration of the watch leads us to remark that it 
is necessary to distinguish carefully between analysis and 
synthesis as methods by which thought grasps reality, and 
physical processes which are sometimes called by the same 
names. Doubtless the former may be aided by the latter. 
The task of unravelling the sensible complex of nature 
includes the separation of the simple elements which com- 
pose it; and the success of such separation is evidenced 
by the possibility of reconstimcting the original complex 
by a -combination of the elements. It would be better to 
name such physical operations — of which chemistry offers 
the most obvious examples — ^Decomposition and Composi- 
tion, and to restrict Analysis and Synthesis to the processes 
of thought, When decomposition and composition are 
possible they simply express in matter what has already 
been planned in thought. And in many cases thought 
deals with elements which cannot be physically separated. 
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and combines them in relations wbicb are never perfectly 
realised in fact, as, for instance, those stated by the 
primary laws of physical motion. 

Again, a physical whole may be actually divided into 
parts related in space to each other, as, for instance, Eng- 
land into counties. Such physical partition has no relation 
to the analysis of thought. The division is arbitrary, and 
a knowledge of the parts as related does not increase our 
understanding of the whole. To enumerate the counties 
of England is not an act of thought, but merely a series 
of acts of perception. It is the analytic and synthetic 
processes of thought with which logic is concerned, and if 
any physical processes are initiated, they are initiated as 
auxiliary to the processes of thought. 

Analysis and synthesis increase understanding, that is 
they are methods of explanation. This proves that the 
composition and decomposition of substances in chemistry 
are not instances of them. These do not give the reasons 
for the combinations and separations of elements which 
are effected. Why should the mixture in a certain propor- 
tion of two gases mth such diverse properties as oxygen 
and hydrogen produce, when an electric spark is passed 
through them, a substance so different from each of them 
as water ? A true synthesis would enable us to pass from 
the properties of the elements to those of the compound 
as their necessary resultant. “We do not suppose a 
mysterious force entering on the scene and taldng posses- 
sion of the oxide of hydi’ogen as soon as it is formed. . . . 
We live, on the contrary, with the hope and confidence 
that some day, thanks to the progress of molecular physics, 
we shall be able to pass from the constituents of water to 
the properties of water itself as easily as we to-day deduce 
the workings of a watch from the form of the parts and 
the manner in ivhich they ai-e arranged.”^ This brings 
out the point. It is not the actual physical arrangement 
of the parts of a watch, but the uuderstandiug of that 
arrangement which' enables one to deduce the working. In 

* Huxley, cit. Rabier, Logique, p. 313, J'oolnoie, Cf. the whole 
chapter, pp. 293-316. 
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otlier words it is tlie analytic thouglit whicli makes possible 
tlie syntbetic tbougbt wbicb sees the watch as a ivatch and 
not merely as a collection of queer-shaped pieces of metal. 

We may distinguish, fm'ther, between full scientific 
analysis and a preliminary division of the matter under 
consideration into manageable portions. Tet this division 
■will mislead us imless it is based on something more than 
convenience. To be fruitful it must express a true theory 
of the relations of the parts. Take as an example the 
broad and apparent distiuction between body and mind, 
and consider how much both the biological and the mental 
sciences have suffered fi’om their too rigid separation. 

Analysis, then, is the method by which discovery most 
naturally starts when it is concerned -with concrete reahty. 
But to say that all discovery is made by analysis would be 
to ignore the advances made in knowledge by the aid of 
mathematics, for instance in astronomy, and to forget that 
once a principle has been demonstrated it is ever receiving 
fresh applications which lead again and again to a fuller 
apprehension of the system within which it applies. Such, 
for instance, is the application of the doctrine of evolution 
to many different branches of knowledge. Nor must we 
forget the important work of synthesis in testing principles 
provisionally taken for granted during the course of an 
enquu-y. This procedure is in many cases an indispensable 
part of the process of discovery. 

Synthetic also is the higher work of the scientific imagi- 
nation. Men of powerful and original views in science 
have an exceptional faciliiy in drawing out the implica- 
tions of principles already established in directions hitherto 
undreamed of, or in combining principle -with principle to 
open up new fields of thought. Of such a nature are the 
• hypotheses by which it is sought to explain a thought as 
at once a mental and physiological phenomenon, or by 
which the atom is conceived as a centre of force ■with a 
difference of electric potential. The construction of such 
theories differs only in degree, of course, from the testing 
of principles to which we have referred, but they are of 
wider scope and much less ob^viously suggested by the 
facts under consideration: 
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Moreover there are some cases where synthesis is the 
only method of investigation open. No body, for example, 
is ever found to be acted upon by one force alone, and 
of the various forces which keep any given body at rest 
or in motion, the effects are not obseiwable separably and 
therefore cannot be isolated. Consequently the investi- 
gator is bound to work out the results of forces kno'wn 
or conjectured to be in opei’ation in order to show how 
their combination can give the phenomena which he is 
examining. 

On the other hand synthesis sets out in orderly form the 
results reached by thought and thus enables us to get a 
kind of bird’s-eye view of some department of knowledge. 
But synthesis is not always possible as it is in mathematics. 
There, wherever an analysis has been effected, the corre- 
sponding synthesis consists simply in reversmg the order 
of thought. But it is not always possible to do this in 
other sciences. The psychologist has made considerable 
-progi’ess in analysing the ftmctions of consciousness, in 
describing, for instance, the nature of attention, feeling, and 
so forth, but the synthesis which shows these functions as 
the necessary correlatives of the nature of consciousness is 
yet to seek. So also the biologist has much to tell of the 
functions of life as revealed to careful analytical enquiry, 
but cannot explain how they are synthesised in the different 
forms of life in the organic world. And the reason is that 
the analysis is not yet complete: the greater the imper- 
fection of knowledge, the more partial will be the syntheses 
which are feasible. Just as in the whole system of know- 
ledge only a perfect apprehension of the whole would 
enable man to pass from point to point by synthesis or 
analysis at ndll, so it is in all branches of knowledge in 
which for the purposes of study the whole is divided. 
What is aimed at is not an actual synthesis as a chemist 
makes a compound out of the elements. That would be 
to ask for nothing else than the creation of the world. 
But a conceptual synthesis is sought in which the world 
will find its explanation.' Scientific investigation is most 


* C£. Gil. 33. 
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complete "wlien the synthesis has been so far accomplished 
that it is possible -mthin a more or less limited range to 
apply the principles which in the main have been revealed 
by analysis. Thus synthesis is used to verify the results 
of analysis. 

3. Rules of Method. — Whether method as an orderly 
process of thought be analytic or synthetic it is always 
controlled thi’oughout by.pui-pose. The general purpose 
of all science is to reach truth. But this is, of coui'se, too 
vague to be a practical guide in actual thought. There 
are first the wide aims which separate one ‘ science ’ from 
another, and which lay down broadly the limits within 
which thought in any one process confines itself. This 
division into departments of investigation and of thought 
is itself a considerable contribution to method, and the 
increasing sub-divisions are signs of its progress. It is 
only in thas way that considerations which are not relevant 
to the particular aspect of reality imder examination can 
be safely ignored. The unity of the whole is assured by 
the unity of purpose which binds the separate sciences 
together. Further, in eaoh separate investigation in a 
single science there is some distinct purpose which guides 
and controls it. Unless this is clearly apprehended 
thought is likely to stray upon the way — to include what 
is not pertinent, to neglect that which is, to fail to see the 
relative importance of the elements considered. 

Thus the possibility both of orderly arrangement and of 
correct estimation of the relative importance of the elements 
involved depends upon a clear conception of the end the 
enquiry is meant to attain. Of course when the aim of 
the investigation is to reach new knowledge and not simply 
to convey knowledge new to another though familiar to the 
expormder, this conception of the end is not definite and 
precise knowledge ; if it were there would be no room for 
the enquiry. But the natrae and general character of the 
end to be attained must be clearly apprehended at the out- 
set, and kept in view throughout the process. Every 
step must be a progressive filling out and determination of 
this end till at length the problem is solved. bTo learner 



172 GENEEAL METHOD OF KKOWLEDGE. [CH. 1 5 

or enquirer can make true and regular progress by groping 
in tbe dark. Attention must be concentrated and kept to 
tbe point, ready to see tbe relevance or irrelevance of each 
new consideration, and to dwell on it or reject it accord- 
ingl3^ And relevance to tbe end can onl}^ be estimated 
when tbe nature of tbe end is Avitb more or less exactness 
known. 

Thus tbe first rule of method is — 

Malte the purpose clear. 

Tbe questions and problems wbicb give tbe purpose 
always grow out of wbat is ab-eady known. Every advance 
in knowledge throws a searcb-bgbt on ignorance still ahead. 
Unless we are clear as to wbat we do know, as well as to 
wbat we want to discover or to prove, we again cannot 
proceed in confidence or in tbe most advant^eous way. 
Thus a second rule of method is — 

Malce sure of the starting-point. 

If we begin, as in tbe case of mathematics, with princi- 
ples and proceed to develop their consequences it will be 
incumbent on us to accept only those piinciples wbicb have 
been already demonstrated, or wbicb are too fundamental 
to need demonstration, or, indeed, to admit of it. But 
if our investigation bes within tbe sphere of tbe sciences 
wbicb are concerned with tbe interpretation of material 
facts, tbe first thing to do will be to secure that tbe facts 
have been rightly and completely apprehended. Unless 
this is done there will be no guarantee that tbe super- 
structure of knowledge built on them as foundation will 
have any stability. Now tbe method used in ascertaining 
tbe facts is primarily that of observation. Nothing is 
more common, as we shall see, than to find observation at 
fault". It is therefore important to determine its exact 
nature and to indicate bow it must be conducted in 
order to avoid eiTor. Tbe importance of observation is 
evident when we remember that it is tbe means of ac- 
quiring that sense experience on wbicb all oui* knowledge 
is based. 

But tbe direct range of observation is small, and even 
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■where conditions can be repeated at will, as in experiment, 
the facts are so multitudinous that no one man can verify 
them all. Moreover, in many cases, as for example in 
history, direct contact with the facts is impossible. There- 
fore, no matter what the department of knowledge may be, 
the scientific investigator is dependent to a very consider- 
able extent on the testimony of others. This testimony 
will reach him in many different ways and will be of di- 
verse lands. Not only will its transmission often enhance . 
the possibility of error, but its value as a record of actual 
observation vaiy from absolute xmtrustworthiness to 
the highest credence. Lo^cal method must therefore 
indica'te on what gi'ounds testimony is worthy of acceptance 
or rejection. 

When the facts have been deteimined the more intricate 
task remains of ' interpretation and explanation. For 
only in this way can the facts be shown to constitute in 
their universal relations an orderly system for thought. 
The constitution of such a system is effected by a process 
of reasoning which passes beyond the immediate data of 
sense, and traces out the laws which the phenomena 
exemplify. The process is carried further by sho'wing the 
connexion of the laws amongst themselves, their applica- 
tion in new spheres, and where possible their dependence 
on laws more universal stiU. The facts from which a start 
is made are expressed in judgments, and so far as the facts 
are correctly expressed these judgments are true. From 
the truths thus given the mental construction of an organ- 
ised body of knowledge proceeds by the derivation of other 
truths. In this process it is essential to advance cau- 
tiously and step by step, making sure of each before pass- 
ing on to the next. As Locke put it : " General obseiwations 
dra-wn from particulars are the jewels of knowledge, com- 
prehending great store in a little room ; but they are there- 
fore to be made ■with the greater care and caution, lest, if 
we take counterfeit for true, our loss and shame be the 
greater when our stock comes to a severe scrutiny. One 
or two particulars may suggest hints of enquiry, and they 
do well who take those hints ; but if they tiim them into 
conclusions, and make them 'presently general rules, they 
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are forward indeed, but it is only to impose on themselves, 
by propositions assumed without sufficient warrant.” ' 

These cautions were summarised by Descartes in the 
Second Part of his Discourse on Method in the foUoAving 
rules which may be added to the two fundamental ones 
already given, which are, indeed, preliminaiy precautions 
without which no methodical process of thought can be 
even entered upon — 

Kiile I. Never to accept anything as time which we do 
not clearly know to be so. 

Hule II. To divide each of the difficulties under 
examination into as many parts as possible, and 
as may be necessary for its adequate solution. 

Rule III. To conduct our thoughts in such order that 
by commencing with objects the simplest and easiest 
to know, we may ascend by little and little, and, as 
it were, step by step, to the more complex ; assign- 
ing in thought a certain order even to those objects 
wluch in their own nature do not stand in a relation 
of antecedence and sequence. 

Rule IV. In eveiy case to make enumerations so 
complete, and reviews so general, that we may be 
assured nothing is omitted. 

These rules, from their very generality, are no doubt 
difficult of application, but as the writers of the Port Boyal 
Logic obseiwe, “ it is always advantageous to have them in 
the mind, and to observe them as much as possible when 
we try to discover the truth by means of reason, and as far 
as our mind is capable of Imowing it.”= 

Speaking generally, we may say that the essence of all 
the rules may be summed up in the directions to make sure 
of our starting-point, to know the end we wish to attain, 
and to go from the starting-point to that end by orderly 
and consecutive steps, each of which is seen in its true 
relation to aU the rest of the enquiry, 

1 Of the Conduct of the Understanding, Sect. 25. 

* Eng. Trans., p. 316. 
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4. Inferential Nature of Method. — ^Whether our 
thought be analytic or synthetic it proceeds by deriving 
new truths from truths already accepted. To this deriva- 
tion of truth from truth the name of Inference properly 
belongs. Consequently inference is a constant and essen- 
tial characteristic of the operations of thought by which 
systematic knowledge is developed. 

The distinction between synthesis and analysis corre- 
'sponds broadly to that between deductive and inductive in- 
ference. So as analysis and synthesis mutually co-operate, 
and to some extent each implies the other, we must take 
care not to oppose deduction and induction to each other 
as though they were independent modes of thought. Both 
help to interpret the one system of reality. They differ in 
their starting-points, and consequently in their modes of 
advance. 

AH thought takes place within some system which it 
seeks to explain, whether it be the system of reality as a 
whole or some more restricted province of thought, as one 
of the particular sciences. The process of thought will aim 
at demiing more clearly those relations holding between 
the parts of the system in virtue of which it is an organic 
unity. At any given moment the organisation of the 
system will bo more or less complete. So far as it is 
complete we shall have a number of propositions expressing 
relations holding universally within the system j and so far 
as it is incomplete a number of particulars awaiting ex- 
planation through the imiversals which they express. To 
exhibit these particulars as inter-related parts of the whole 
we may proceed to develop the imperfect organisation in 
either of two ways. Suppose the universal to serve as the 
starting-point of explanation. In that case it is applied to 
the particulars which come under it, and thus we arrive at 
a fuller knowledge of the system. For example, our imi- 
versal may be the law of gravitation, and we may apply it 
to the case of a bullet shot from a gun in a given direction 
with a ^ven velocity, and thus determine the path which 
the projectile must necessarily take. Such a process is 
deductive and synthetic and on its formal side is examined 
in the theory of the syllogism. 
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On the other hand we may start with the unexplained 
particulars and try to read them off as members of the 
system. This can only be accomphshed by finding the 
universal relations which bind them together. Thus the 
conjunction of the south-west monsoon with heavy rain is 
shown after a careful examination of the particulars in- 
volved to depend mainly on the general laws which govern 
the action of heat on the sea and atmosphere. Such a 
procedure is called inductive, and the examination of the 
facts involved is that which we have already described as 
analysis. It is an insight ioto the nature of the whole 
or system based upon a careful examination of the parts.”* 

But Induction is commonly used to cover the whole of 
scientific method by which we seek to go from particular 
facts to general law, and it is, therefore, a wider tenn than 
analysis. For, as we shall see more fully later, the induc- 
tive method is based on deductive principles throughout. 
All methods of experimental enquiry involve deduction, 
and whenever in the course of the enquiry observation 
suggests a hypothesis to explain the facts, the results of 
the hypothesis are unfolded in syllogistic form. In short, 
we may repeat aU that has been said on synthesis as 
supplementing analysis as applying to the relation between 
induction and deduction. 

nevertheless, there is a distinction of aspect between 
induction and deduction. In induction reality presents 
itself in concrete and particular isolated instances, and the 
task of inference is to discern the universal which is more 
or less hidden ia those instances. To this universal a clue 
is sought, while in deduction on the other hand the uni- 
versal is given. In the one case we are seeking some 
bond of connexion; in the other, we are given the con- 
nexion and seek to know what is boimd together by it. 
Thus in deduction reality first presents itself in its uni- 
versal aspect, and inference traces that universal through 
the differing and complex instances in which it manifests 
itself, while in induction the dii*ection of the whole pro- 
cess is reversed. The distinction is, therefore, solely one 


* Creighton, An Introductory Logic, p. 385, 
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point of view whether the judgment so demonstrated is, or 
is not, new. Obviously we may seek reasons for a fact which 
is familiar, though we may never have been conscious of 
the grounds which constrain us to accept it as it is. !For 
e.Kample, we may seek the meteorological conditions on 
wliich the coldness of the east wind depends. But when 
we reach the conclusion, ‘ therefore, the east wind is cold,’ 
though we knoAY the fact now in a new way, and see its 
relation to facts hitherto not known or disregarded in this 
connexion, it is not the novelty of the relation but its 
cogency which constitutes the inference. Indeed, the 
whole series of premises might be as well known as the 
conclusion to start Avith, and the logical character of the 
process would remain the same. For it consists essentially 
in the exhibition of the necessary dependence of the facts 
on one another. 

Nor is it different in those cases ivhere a conclusion is 
reached which is new in the sense that Neivtou’s laws of 
motion were new when he first enunciated them. Here 
the same test has to be satisfied as in the fii’st example we 
considered. Are the propositions so combined that the 
conclusion issues from them inevitably, and are they of 
such a nature that they have a like necessity immediate or 
derived? Then it does not matter whether the final 
judgment is familiar or unfamiliar: the conditions of 
correct inference will have been fidfiUed. 

It is not correct, therefore, but is to confuse logic with 
psychology, to describe logical inference as a passage from 
the knoAvn to the unlnioivn, even if we define the unlcnown 
as that Avhich is seen for the first time to be dependent on 
given tmth. The mathematical demonstration is as much 
inference at its last repetition as on its first discovery. 
The essential point is that the conclusion of our reasoning 
be necessarily conditioned by the reasons advanced in its 
favour. What is meant by the description is that these 
reasons must be known to be true if there is to be any 
valid inference in the Avider sense of the term. 

The problem then arises, hoAV can there be, from known 
truths taken as premises, the assertion of another truth 
distinct from them, and yet OAving its assertion to them. 
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If ■\^•e affirm that "I’lowors are trausieuL” and that 
“ Sables are expensive,” and try to link (ho two facts to- 
gether our thought is baffled. As we say, we cannot see tho 
connexion betwwn them. But suppose that instead of tho 
first fact wo have tho statement that “ All expensive things 
have a limited sale ” our thought at once goes forward to 
tho assertion that “ Sables have a limited sale,” because of 
the common quality of expensiveuess. How this quality is 
a imiver.sal : that is, it is common to botb propositions. 
And, unless there is to bo the abrupt arrest of thought ex- 
perienced, for instance, in tho attempt to draw an infereuee 
from tho transiency of flowers and tho expensiveness t)f 
sables, we must find some universal through which tlio 
facts are connected. Only thi-ough tho existence of sucli 
imiversals is inference possible at all. If one fact had 
notlung in common with another wo could never seek a 
reason for it outside itself. Each would bo presented to 
tho mind in complete isolation, and organised knowledge 
would not exist. Hence science resolves itself into a 
search for universals, and in proportion as these are dis- 
covered, the inter-relation of fact with fact becomes more 
evident, and a firm basis for inference is secured. 

In all inference there is both a formal and a material 
factor. Tho first is concerned solely with the justification 
of the transition itself, and it is more prominent hi deduc- 
tion than in induction.' To formal considerations we owe 
the whole doctrine of the syllogism, and though all syllo- 
gistic inferences are abstract in that they do not take 
account of all the complex conditions which are found in 
every piece of reality, yet no inference is valid which 
violates the foi-mal principles of syllogistic reasoning. 
The practical danger is in extending them beyond their 
proper scope. 

The material factor is concerned mainly with the grounds 
for the judgments between which the transition from truth 
to truth is made. Of the adequacy of these in any parti- 
cular case logic cannot judge. It can only lay down general 
principles of adequacy : whether those principles are satis- 
fied in any one instance demands a sufficient knowledge not 
only of logic but of the branch of knoAvledge in question. 
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6. System. — Inference would be impossible apart from 
a system. Now tbe conception of a system is one tbat we 
have frequently employed. By it we mean a whole in 
which each part has a definite and necessary relation to 
every other if the whole is to be constituted at all. A 
machine may be taken as an example. Displace a lever, 
unscrew a bolt, re-distribute the parts, and the machine as 
a machine ceases to exist. The nature of the whole deter- 
mines the nature of the parts, and the natiu'e of the parts 
determines the nature of the whole; there is an essential 
thread of relation binding all together and each to each. 
Contrast a heap of firewood. It foims a whole in which 
the sticks are the separate parts, but the position of each 
in reference to the rest is a matter of indifference, and 
’ there is no necessary relation between them. 

If we suppose, then, some knowledge of a* system, the 
possibility of inference is at once apparent. Bor given the 
truth about any part we can pass to the truth of some 
other part through the universal relations in which' it 
stands to the whole it helps to constitute. These relations 
express its nature, and in them the natme of the whole is 
potentially revealed. Consider the case of a workman who 
in the course of excavations turns up a human jaw-bone. 
He may not recognise it as such, or if he does, he regards it 
curiously, and casts it away. He has no useful system 
into which the fact will fit, and so receive a fuller meaning. 
But the geologist vnth the same preliminary data can 
commence a process of thought by which he constructs 
mentally the conditions of life that must have prevailed 
during the time when the human being of whom this sole 
relic remains was still alive. He determines perhaps that 
it must have been preserved from pre-historic times. The 
anatomist, too, from the size and shape of the bone can tell 
a great deal about the physical frame 'with which alone it 
would have been consistent. He may, perhaps, show that 
only muscles of much greater strength than is common to- 
day could have moved it. 

In some such way a nrunber of inferences impossible to 
the workman might be drawn by the man of science because 
he possesses a Icnowledge of the systems appropriate to the 
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fact to be interpreted. But lie too would liaye failed to 
make an inference if be bad not bad a system of inter- 
related truths enabling bim to pass from wbat was given 
and recognised as a part of tbe system, to its meaning in 
tbe light of tbe whole. 

Tbe extent of possible inference will coincide with our 
knowledge of tbe system within which our thought is 
worldng for the time being. The citizen knows enough of 
the tramway system of his city to be able to decide what 
car he must catch, and where, in order to get to any place 
within a specified time. But beyond that, and indeed 
often within those limits, his thought is apt to be vague. 
Ask him what power is needed to move the cars, how it is 
genemted and distributed, what inclines can be safely 
attempted and why, and he is soon at the end of his 
tether. Not so with the electrical engineer, whose know- 
ledge of the system goes deeper, and whose capacity, there- 
fore, to answer questions that arise is greater. If it is 
proposed to introduce a new type of car, he can tell in his 
study what conditions it must fulfil to be safe ; or if any 
extension of the service is contemplated, he can work 
out from the data which a preliminary survey supplies, 
what alteration of his source of supply will meet the new 
demand. Both citizen and engineer infer ; but the wider 
scope of the one is the result of a wider acquaintance with 
the relations subsisting between the various parts of the 
system. 

It is evident, then, that within the one ideal system of 
perfect knowledge there are many actual smaller systems 
•which are known with more or less completeness. Of 
these the most important are those which seiwe a scientific 
pui'pose. A minor system which satisfies a practical need, 
such as that represented in a ra,ilway time-table, may be 
Imown through and through, but that is never the case 
where the governing aim is a knowledge of reality. The 
power to infer breaks down at some point or other ; the 
engineer, for example, cannot answer every question. 
Where that is so a problem arises for solution. Now, 
however the solution is reached, whether by a process 
of analysis or synthesis, or by both, it presents itself as 
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a claim to form part of a system. Tlie claim is estab- 
lisbed when tbe system as it stands, or if need be as 
reorganised, incorporates it in sucb a way as to mate a 
chain of inference more complete ; it is disallowed when it 
is found to be repugnant to existing systems and to 
suggest no modification of them in wbicb it would find a 
consistent and necessary place. All advance in knowledge 
is made by tlie perfecting of systems tlirongli inference, 
wbetlier in tbe way of completing tlieir internal organisa- 
tion or in establishing connexions between them wbicb 
bring ns nearer to tbe ideal system of perfect knowledge. 

But knowledge, tbougb essential, -will- not alone give to 
tbe individual tbe power of inference in any depai-tmeut 
of thought. Especially is this tbe case in the labour of 
discoveiy. Men differ in tbe sagacity they display in 
seizing on tbe relevance of facts and in discerning tbe 
right kind of relation. Tbe search for tbe universal wbicb 
explains is easier to tbe genius of one man than to that of 
another. “ Darwin was noted for bis keenness in detecting 
connexions wbicb escape tbe ordinary eye, as well as for 
bis skill in giving explanations of them. On one occasion, 
be observed that in that part of tbe country where be lived, 
clover was abundant in tbe fields wbicb were situated near 
villages, while tbe outlying fields were almost destitute of it. 
What now, be asked liimself, is tbe connecting link be- 
tween these facts? Some investigation of tbe matter 
convinced him that tbe three agencies wbicb produced this 
result were bumble-bees, mice, and cats. Tbe bees fertilise 
tbe clover flowers, and thus make tbe plant abundant, tbe 
field mice destroy tbe bees’ nests, but tbe cats go out from 
tbe villages into tbe fields near by, and destroy tbe mice.”^ 
Thus tbe existence of tbe personal factor precludes tbe 
laying down of detailed precepts for tbe conduct of pro- 
cesses of inference. At the same time it is possible to 
frame general rules of method which should be observed 
in tbe conduct of scientific investigations. 


^ Creighton, A7i InU'oductory Logic, pp. 381-382. 
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1. Applications of General Metliod. — Thought in 
its attempt to attain systematic and exact knowledge always 
proceeds by analysis of some part of what is given in 
experience and synthesis of the results of that anajlysis. 
These are always combined, but the relative shares of each 
and the mode of their interaction are determined by the 
natui-e of the material with which thought deals. Thus 
arise three great departments of thought — the mathe- 
matical, the physical, and the historical. Not that these 
are isolated: on the contrary they not only overlap but 
intertwine. 

2. Mathematics. 

(i) Analysis of Data. — ^The most general, because the 
most abstract, is mathematics, which began in investiga- 
tions of relations of quantity. Now quantity is at once 
discrete and continuous, and these aspects may be dealt 
with apart. So have developed the algebraic and the 
geometric mathematical doctrines. 

In the algebraic sciences of number the element of 
continuity involved in the need for constant and uniform 
units in all enumeration is assumed. In the geometric 
sciences of continuous quantity — or occupation of space — 
the possibility of indefinite division is similarly taken for 
granted Eor example, any number of points — or positions 
— may be conceived in a line. But mutual implication is 
not identity. A line is not made up of points, nor a sur- 
face of lines ; in neither case can the multiplication of zero 
give aught but zero. We can so analyse a surface as to 
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tbiuk of its length, but uo sj’^ntliesis of mere lengths can 
give the idea of anything but length. That is to say, the 
unit reached by analysis of a line is one of length only. 

It is certain, however, that surface is apprehended by 
the senses, that lines can be traced by the eye as boundaries 
of surfaces, and, indeed, that all mathematical ideas have 
their birth in sense-experience. From this it has been main- 
tained — as by Hume and J. S. Mill — that mathematics -is 
an empirical science in the same sense as physics. But 
this implies that the mind passively receives impressions. 
On the contrary, it deals actively with them by putting on 
one side all it does not need for its present pui-pose. A 
surface is known in seuse-expei’ience not simply as a 
sm'face, but as the surface of some solid ; a line is not 
merely a line, but a boundary of some surface ; a point is 
not mere position, but a small surface. Not the senses, 
but the analytic power of mind, seizes on one 'aspect and 
ignores the rest. This aspect can be made an object of 
thought but cannot be presented in sense-imagination. 
We can thinlc of a point or a line, but we cannot 'picture 
one. Nov can ideal notions be reached from comparison 
of imperfect objects. Mill argued that the idea of a 
straight line results from eliminating divergences from' 
straightness. This begs the question hopelessly, for, with- 
out the idea of straightness, nothing could be apprehended 
as divergence. 

Though then it is probable that mathematical ideas 
were first suggested by reflexion on sense-experience, yet 
those ideas ai-e not pictures — or pale ghosts — of such 
experience, but are tools forged by the analytic power of 
the mind for dealing for its own purposes with all those 
relations given in experience into which space or number 
enters. This, too, makes it easy to see why mathematical 
relations are never exactly exemplified in physical relations. 
It is because the latter always contain more than the 
former, so that the former have to be dug out from the 
matrix in which they are embedded. 

It is, then, the peculiarity of mathematical ideas that they 
are constructions of thought dealing with relations that 
can be defined exactly, and permitting of deductions which 
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need no confirmation of their validity by any further 
reference to experience.' This does not mean that they 
are entirely arbitrary. “We want our numbers not 
merely to verify mathematical formulae, but to apply in 
the right way to common objects.” But when number 
has been so conceived that it allows this application, the 
science of number can be developed without further con- 
sidei'ation of the things to which it may be applied. It is 
the same with geometry. “Experience plays an indis- 
pensable role in the genesis of geometry : but it would be 
an error to conclude from this fact that geometry is an 
experimental science, even in part.” ® Tet, in spite of the 
fact that its conceptions ai-e abstract and can be logically 
elaborated without necessary reference to external reality, 
geometry like number has its practical applications. 

Since the whole structure of mathematical knowledge 
depends on the accuracy of the notions which are its 
foundation, it is necessary that these should be clear and 
precise. Thus definition is of first importance. On the 
other hand, as these notions are the results of analysis, it 
is inevitable that their distinctness should be progressively 
attained. As analysis pierces more deeply it is apt to lay 
bare uncertainty and absence of rigorous definition even in 
the most fundamental notions. Much work of this kind 
was done by the leading mathematicians of the last 
century. “ The labours of the great analysts — G-auss, 
Cauchy, Eiemann, and Weierstrass — aU tended to increase 
our knowledge of the higher mathematical relations, but 
also to reveal the uncertainty and absence of rigorous 
definition of the foundations of arithmetic and of geometry. 
Accordingly we find these great thinkers continually inter- 
rupting their more advanced researches by examinations of 
these principles.” ' As a result of this movement older 
proofs have been remodelled or abandoned. Assumptions 
tacitly made have been justified or shown to be untenable. 

1 Of. pp. 469-473. 

• Russell, Introduction to Mathematical Philosophy, p. 9. 

2 Poincard, La Science et VHypothise, p. 90. 

‘ Merz, A History of European Thought in the Nineteenth Century, 
Vol. n., pp. 708-9. 
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A clearer iusiglit into tlie nature of tlie foundations of 
niatliematics has been gained. Such notions as continuity, 
the infinite, and form, have been examined more exactly 
and defined moi’e precisely, and, as a consequence, a more 
adequate conception of their significance has been reached. 
As Mr. 1¥liitehead says : “ The whole difference between 
the older and the newer mathematics lies in the fact that 
vague half-metaphorical terms like ‘ gradually ’ are no 
longer tolerated in its exact statements. Modern mathe- 
matics will only admit statements and definitions and 
arguments which exclusively employ the few simple ideas 
about number and magnitude and variables on which the 
science is founded.” * 

But, further, the ideas derived by the fii-st act of 
analysis and expressed in such definitions as those in 
geometry of point, line, etc., are themselves subjected to 
analytic enquiry. “ Instead of asking what can be defined 
and deduced from what is assumed to begin with, we aslc 
instead what more general ideas and principles can be 
found, in terms of which what was our starting-point can 
be defined or deduced.” * 

(ii) Synthetic Use of Data. — Thei'e is, then, always 
analjdiic work to be done in mathematics, but it is within 
the power of those few minds which have mastered all 
that has been achieved already. The ordinary worker is 
concerned rather with applying knowledge already estab- 
lished. Either in pure mathematics theoretical conse- 
quences are infeiTed by a continuous ti’ain of reasoning, 
or in mixed mathematics relations of quantity are applied 
to the explanation of physical phenomena or to the con- 
struction of physical instruments. In both cases the pro- 
cedm’e is essentially synthetic, the derivation of conclusions 
from premises. The first premises ai’e such axioms and 
definitions as have stood the test of analysis. These are 
closely inter-related. For an axiom is a statement of 
which the truth is manifest when the terms in which it is 

1 Whitehead, An Introduction to Mathematics, pp. li).5-G. 

- Russell, Introduction to Mathematical Philosophy, p. 1. 
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expressed are preciselj'^ apprehended. Such a statement is 
called ‘ self-evident,’ which means, not that it is so plainly 
a tniism that nobody can fail to accept it, but that no 
evidence outside itself can be brought forward to support 
it. From these descend interminable chains of inferences, 
in which the conclusions of each step form the premises of 
other steps. Throughout, the material dealt witli is 
abstract — violations of magnitude simply as magnitude, 
and wholly indifferent to questions as to what things the 
magnitudes represent. The reasoning is .S 3 'llogistic when 
a more general relation is applied to a less general case, 
but it may be an immediate synthesis of the general 
relations combined in the specific case; as in the forms 
of relation specified in Chapter XXIV., § 3. 

(iii) Symbols. — Attention is more'easily confined to the 
aspect under consideration, and the absti'act character of 
mathematical reasoning thus more emphasised, when ideas 
or tilings are represented by symbols. This veiy emphasis 
of the abstract brings out its general nature, so that its 
steps are more immediately apparent. Comparison of a 
numerical operation expressed arithmetically in figures 
with the same relation translated into general algebraic 
literal symbols gives a familiar illustration. 

■ So in geometry the relations dealt with may be em- 
bodied in figures. But here the tendency to lean on the 
figure is apt to become operative. And this is a danger. 
For the figure used is a specific material thing, and, as 
such, has many qualities, even of magnitude, other than 
those with which the problem under consideration is con- 
cerned. . 'Nor is the danger one only to the schoolboy who 
is misled by the accidental shape of the triangles he has 
drawn to deduce general conclusions from these accidental 
specific relations, but, as complexity of geometrical con- 
straction increases, the tendency to appeal to the figure as 
evidence is greater. But much as a figure may aid in 
malving the conditions of fihe problem clear it can never 
furnish proof. As Mr. Whitehead puts it : “ the space- 
intuition which is so essential an aid to the study of 
geometry is logically irrelevant : it does not enter into the 
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premises -wlien tliey are properly stated, nor into any step 
of the reasoning. ” ^ 

In its search after exactness and precision, then, mathe- 
matics has freed itself ever more completelj’' from the 
material given by sense-perception with which it started. 
It has learnt that " intuition cannot give us exactness, nor 
even certainty, and this has been recognised more and 
more. It teaches us, for instance, that every cuiwe has a 
tangent — that is to say, that eveiy continuous function 
has a derivative— and that is untrue. As certainty was 
required, it has been necessary to give less and less place 
to intuition.” ® So the ideal of mathematical method may 
be summed up in the words of Mr. B. Russell: ‘‘No 
appeal to common sense, or ‘ intuition,’ or anything except 
strict deductive logic, ought to be needed in mathematics 
after the premises have been laid down.”^ 

This by no means implies that mathematics has no re- 
lation to the real world of things. On the contrary, of 
that world, mathematical relations are constituents, and 
mathematical calculations are capable of deducing physical 
truths, as, for example, when by a wonderful exercise of 
pure mathematics Clei’lc-Maxwell predicted in 1865 that 
the speed of the electro-magnetic impulse is a constant of 
300,000,000 metres (roughly 186,000 miles) a second, 
identical with that of light. 

(iv) System. — Method in mathematics thus shows the 
elements of analysis and synthesis in, as it were, a skeleton 
form. All extraneous matter is stripped from relations of 
quantity, all that would interfere with their perfect opera- 
tion in the world of things is ignored. The result aimed 
at is a system of relations self-contained, and, within those 
limits, ideally perfect. This system is not yet complete. 
Not only is the synthesis of results already achieved not 
perfect, but there is no reason to suppose that no further 
mathematical truths remain to be discovered. But the 
process is further advanced than in any other department 

’ Whiteliead, op. ext,, p. 2t2. 

-Poincar6, Science and Method, Eng. trans., p. 123. 

^ Op. cit., p. 145. 
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oC knowledge. " Mathematical sciences as they develop 
dovetail into each other, and share the same ideas in 
common. It is not too luucli to say that the various 
branches o[ mathematics undergo a perpetual process of 
genei-alisatiou, and that as they beconio generalised, they 
coalesce.” ^ 

n. Physical Sciences. — Next in order of decreasing 
simplicity to mathematics comes the group of sciences 
which deal with inorganic nature. Yet, even horc, the 
complexity of phenomena is so great that it can bo at- 
tacked only in detail. So arise the mechanical and chcmic.il 
science^. Fiu'ther, each of these is ji general branch of 
knowledge including divisions and sub-divisions', c.ach deal- 
ing with its own sets of facts and problems. And as in- 
sight into detail increases, the sub-divi.siou of investigation 
becomes ever more minute. Analysis is prominent at every 
stage. 

Yet this division of labour is only a matter of con- 
venience, or at most of uece.ssily, imposed hy human limi- 
tations of time and capacity. Not only does it not affect 
the unity of the material world, but no true scientific 
investigator ignores that unity. Each science lends its aid 
to the others. Physics and chemistry, for example, are 
mutually helpful, and each owes many of its greatest 
achievements to the aid of mathematics. Synthesis is 
operative throughout. 

The aim of the physical sciences is to nuderstaud tho 
inorganic world by bringing its phenomena under one far- 
reaching generalisation. It must, therefore, begin with 
facts of experience, and it must be justified by the power 
of its generalisations to explain those facts in all their 
complexity as due to specific combinations of general forces. 
Its method is, therefore, that process of induction which 
is examined in detail in Chapters XXV.-XXXIV., and 
which need not, therefore, be further discussed here. 
Suffice it to say that — whereas in mathematics validity of 
conclusion depends wholly on accuracy of reasoning from 


1 Whitehead, op. ext., p. 116. 
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self-evident slatenieuts of clearly apprehended relations, so 
that the task is predominantly one of inference — in physics 
and chemistry the difficulty of the task is essentially in 
ascertaining the general relations involved in actual occur- 
rences which are always extremel}’’ complex. Hence, every 
such relation is apprehended tentatively. It is, in short, 
at first a guess — or h 3 ’'pothesis — the justification of which 
must he sought in ever- deepening analysis of the concrete 
facts with which alone experience furnishes us. 

Hypothetical synthesis, therefore, interacts with analysis 
ever pushed more deepl}" into experience. In that analysis 
physical objects and processes have to be manipulated. 
But, as was pointed out in the general discussion of 
method, this manij)ulation is not logical analysis and 
sjmthesis,^ Those are modes in which thought works in 
view of the disentanglement of physical facts which is 
facilitated by mechanical means. 

The further the work advances the more the inter- 
connexion of the abstract relations discovered by thought 
becomes apparent, and the possibility is naturally suggested 
of bringing all under one conception. Such a conception 
is the mechanical theory of the inorganic universe — the 
finding the explanation of all the pertinent facts in com- 
binations of one mechanical force. This claim of dynamics 
to be ultimate “ amounts to this : namelv, that the various 
qualities of things perceptible to the senses are merely our 
peculiar mode of appi-eciating changes in position on the 
part of things existing in space,” thus making the laws of 
motion “ the ultimate laws of physical science.” " On the 
adequacy of this theory, even in the realm of the inorganic, 
the discovery of radium and the Einstein theory of rela- 
tivity have throivn increasing doubt, so that at present the 
claim cannot be regarded as substantiated. 

4. natural Sciences. — However this may be, the 
extension of the mechanical theory to the organic world, 
including man, is wholly unjustified. For there the new 
fact of vital energy is dominant. The doctrine of evolu- 


iCf. pp. 167-169, 


- Whitehead, op. cii., pp. 47, 48. 
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tiou lias proiouudly modified the point of view from which 
the phenomena of living beings must be regarded. These 
are now seen to bo products not of mechanical forces im- 
pinging on inert matter, but of the reaction of a non- 
mechanical force on the inorganic environment. Analysis 
of the existent is inadequate bj' itself to lay bare the course 
of events. Hypothetical assumptions of laws of vital force 
must be made and tested. And in the testing constant 
appeal must be made to all the evidences of the past wJiich 
bear on the subject as well as to observation of changes in 
the forms of life which may bo observed or brought about 
in the present. The method is still inductive, but the 
scope of the inductive inquiry is much widened. 

At present no certainty has been attained, Darwin’s 
theory of natural selection is not generally accepted as 
more than a preliminary and imperfect hypothesis, and the 
great question of the inheritance of acquired characteristics 
is still unsettled. The histoidcal systematisation of the 
facts of organic life is, therefore, still in the making. 
What is certain is that no mechanical theory is adequate 
to explain the phenomena of life. 


5. Historical Science. 

(i) Gathering of Facts. — In its reference to evolution 
in time natural science is intermediate between physical 
science and liistoiy, which, in the usual sense of the term, 
is the study of the thoughts and actions of men. Here a 
further element is intz’oduced, in that man’s acts are deter- 
mined by purposes^ consciously conceived. Hot merely 
life, but a life guided and determined by will, is to bo 
explained. As the matter of the physical sciences is more 
complex than that of mathematics, and the matter of the 
natural sciences more complex than that of the physical 
sciences, so the matter of history is more complex than that 
of the natural sciences. Wo have here reached the highest 
end of the scale. It is evident, then, that mechanism is 
even more inadequate as an explanation of the evolution 
of civilisation than as explanatory of the forms of vege- 
table and animal life. Yet, dui’ing the dominance of the 
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mechanical theory in the last century, such attempts ivere 
confidently made, as in Buckle’s Sistory of Oivilisation. 

History not only deals with the most complex material 
but it is largely unable to help itself by experiment and 
can get but little help from direct observation. It is true 
that the consequences which follow some definite social 
change — as e.g. a law of prohibition of all forms of alco- 
holic liquor — may be observed and statistics gathered. 
But there is no certainty that the results are what at first 
sight they appear to be, for never does the assumed cause 
operate alone and unmodified by other forces of human 
will. Moreover, the range of such observation is obviously 
very limited : it gives no direct help in gaining knowledge 
of the past, and it is with the past that history is mainly 
concerned. 

The facts of history include every form of record of 
human agency. Written documents, material remains, 
oral traditions, systems of law, religions, philosophies, 
languages — all must be taken into account. And the 
number of such records is indefinitely great, though, of 
necessity, they embrace but an infinitesimal part of the 
facts of the past. Specialisation is consequently as im- 
perative in historical reseai'ch as in other forms of investi- 
gation. So, here as elsewhere, the method is guided by 
definite purpose which defines the scope of its application. 
The purpose may be to study a period limited in time and 
in geographical range ; or it may be to take a more general 
survey of a wider range ; or it may be to study some one 
aspect of human activity — such as the political, economic, 
social, or religious. Whatever the purpose, it determines 
the range and kind of facts which will be sought. ' 

An indispensable first step in historical investigation is 
the discovery, collection, and classification of sources. 
This work, though far from complete, has been carried out 
on a large scale. Archives, libraries, museums, -general 
and special bibliographies, by the material they furnish 
and by an orderly anangement of it, where such exists, 
may all be regarded as contributions to method in history. 

It is assumed that the historian has the knowledge 
necessary to understand his soui’ces ; that, for example, he 
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knows tlie language in wliich a document is written, can 
decipher a manuscript or an inscription, is familiar with 
the varying forms of official documents, in short, that ho 
has studied the ‘ auxiliary sciences ’ needed to equip him 
for the special researches which he may undertake. Thus 
equipped he is prepared to begin the process of making 
sure of the facts by criticism of the sources themselves. 

External criticism seeks to determine the date of a 
document, the author, and place of origin. Each of these 
particulars may be quickly and surely detei-mined, or may 
demand careful, perhaps prolonged inquiry. The text will 
be examined for any indications of time, place, or persons 
from which inferences to the date, authorship, or place of 
origin may be drawn ; the style may give a clue to the 
period in which it was written ; references in other works, 
if they exist, must be scrutinised and assessed. The result 
of this process of reasoning may vary through all degrees 
of probability to moral certainty. Whatever use is made 
of the document for the establishment of facts will be 
conditioned by the degree of certitude attained. Before 
reliance can be placed on a document which has been 
shown to be of a certain authorship and date, it must be 
ascertained that it is not a copy, in whole or part, of an 
earlier document, and the accuracy of the text must be 
established. Printed documents are not immune from 
error, and prior to the days of printing, when manuscripts 
were multiplied by hand, corruptions of the text crept in 
in numerous ways. Mistakes in copying, additions, falsifi.- 
cations, omissions, are common; they cannot be detected 
by a comparison with the original manuscript, since, as a 
rule, this has disappeared. Copies that remain are of 
varying date, value, and completeness. The earliest manu- 
script of Plato, for example, belongs to the ninth century ; 
of Thucydides, to the tenth century. To obtain as accurate 
a text as possible manuscripts are compared with one 
another, and with quotations or paraphrases of passages 
that may be found in earlier writers, and, whenever the 
text is still obscure, emendations may be conjecturally 
made. 

When external criticism has" done its work it is followed 
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by internal criticism, tbe object of wbicb is to find exactly 
the meaning of the author, to sift out the facts he records, 
and to determine the value of his testimony to them. This 
raises questions as to the trustworthiness of testimony 
which are discussed in Chapter XXVIll, 

The facts recorded in documents refer to persons, events, 
ideas, and objects, that cannot.be known directly. They 
must be reconstructed in imagination. This process makes 
the chances of error greater than in direct observation. 
Often the facts themselves are not complete, and it is 
necessary to fill in the gaps by inference from the data 
already established. But the mental construction of the 
past is conditioned throughout by reality, and the objective 
reference is as essential as in the physical and natural 
sciences : the difference lies in the method by which the 
facts are ascertained and verified. Many historical works 
are devoted mainly to the establishment of facts, and in 
them interpretation takes a subordinate place. Since the 
facts are disparate in character, they must be classified. 
This is a preliminary step in methodical thought about 
them. The most obvious bases for classification are time 
and place, with reference to individuals or groups. The 
determination of periods of time, the limitations of place, 
and the decision on what constitutes a group will depend 
partly on the facts, and partly on the object in view. Even 
so, the classification will contain heterogeneous material, 
and this can be arranged under headings derived from the 
nature of the facts themselves — such headings, for example, 
as war, finance, language, science, religion, industry, com- 
merce, education. The facts so grouped may be thoughts 
and actions shared and repeated by a number of indivi- 
duals, or peculiar to one individual. 

Less liable to misinterpretation than documents are such 
records of man’s activities as buildings, codes of laws, the 
languages in which he has expressed his needs desires 
and thoughts, which have grown with his growth, and at 
every stage embody the views of life and of the universe 
which he has held. 

In all this dealing with records in order to ascertain facts 
the whole process of induction is essential. There is no 
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greater en-or than to confuse record witli fact, and to 
assume that -whatever has heen recorded is time. Eecords 
must he examined critically, and guesses — or hypotheses — 
formed as to -what the facts -which they reveal — or disguise 
— really -were; and these hypotheses tested by relating 
them -to other facts similarly suggested or more surely 
-R-itnessed by language, la-ws, buildings, artistic products. 

(ii) Explanation. — Historical explanation seeks to pass 
from the facts to the conditions -which have determined 
them. Ultimately these conditions are to be found in the 
motives and actions of men in relation to their physical 
environment and to one another. The ideal -would be to 
exhibit the facts in a causal series vrhich would show the 
successive changes that have taken place as conditioned by 
what preceded them, and conditioning what followed. Such 
a construction can never be more than an imperfect approxi- 
mation. All the facts are not kno-wn, and many that must 
be used are the result of a more or less imcertain con- 
jecture made n-ith a -view to understand the changes that a 
comparison of different periods of time shows have somehow 
taken place. The historian may not only be embarrassed 
by a paucity of facts ; he may bo overwhelmed by their 
superabundance. It is then necessary for him to make a 
selection. Ine-vitably he will choose what in his judgment 
has had a determining influence on later events and ideas ; 
the personal factor in historical construction is a greater 
disturbing element than the personal equation in the in- 
vestigations of physical and natural science. 

In his reasoning the historian is guided by his knowledge 
of human nature, which is assumed to have remained the 
same in its essential features throughout the historic period. 
By means of this Imowledge, however acquired, he endea- 
vours to relate fact to fact, in order to show the causal 
connexion between them. The facts have been established 
by analysis : the reasoning from them is deductive or 
synthetic. An appropriate general principle is sought 
under which the historical judgment of fact can be sub- 
sumed, and from these premises the conclusion is drawn. 
It is true that in exposition the transition often seems to' 
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be directly from fact to fact, but on examination it will be 
found that a general principle or ‘ law ’ must be assumed 
if the connexion is to be estabbsbed. 

Sequence in time does not in itself prove causal relation 
Here great caution is necessary. As Dr. J. Holland 
Eose remarks on tlie coui’se of events in the French 
Eevolution: “We, who know how one event led on 
to another, find it difficult to escape from the attractive 
but fallacious conclusion that the sequence was inevitable. 
The mind loves to forge connecting links, and then to 
conclude that the chain could not have been made other- 
wise — a quite gratuitous assumption.” ^ 

The certainty of the conclusion cannot go beyond the 
certainty of the premises. There may be an element of 
doubt about the. facts themselves, and the general principles 
of human nature rest on a precarious foimdation ranging 
from a high degree of probability to pure conjecture. If 
historical generalisations form part of the reasoning, they 
are infected with a like uncertainty, nevertheless, there 
are many facts that admit of no doubt and principles 
which it would be' pedantic to reject; and a conclusion 
weak in itself may be strengthened by convergent lines of 
reasoning. 

Ideally, historical truth requires the detei’mination of 
the whole of the conditions operative in bringing about a 
given change ; but the field of history is too vast for this 
requirement to be fulfilled, so far as it can be under the 
limitations ali'eady outlined, without the cooperation of 
many workers. The historian is obliged to confine his 
original investigations to a definite period, or to some defi- 
nite phase of the life of the past. Where a synthesis is 
attempted over a broad sweep of time, he is necessarily 
dependent for his material on the facts, and, to some extent, 
on the conclusions of his predecessors. Eeasoning in his- 
tory is, in the first instance, inductive — from effect to 
cause; and to reach the true cause, the whole of the 
influences at work must be taken into account. The 
specialist, who confines himself to tracing out one hne of 

^ William Pill and National Revival, p. 541. 
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development, for example, political, economic, social, or 
ecclesiastical history, abstracts from tlie fullness of events 
that phase in which he is interested. But in the concrete 
life of the past each phase is connected more or less closely 
with every other, and unless this connexion is recognised, 
the causes assigned for any given development may bo 
inadequate. To ensure accuracy, either the specialist him- 
self, or another using the results of the work of specialists, 
must bring out this recfprocaZ in/Iuenco between tZie sepa- 
rate phases of experience. 

History does not repeat itself: that conditions never 
recur exactly is what is meant in speaking of the unique- 
ness of historical facts and causes. Conclusions valid in 
one set of circumstances cannot be applied in other circum- 
stances, which, though they may be analogous, will never 
be exactly the same ; still less can conclusions drawn from 
the past be used to predict the course of events or ideas in 
the future. In this respect history differs from the physical 
sciences. Yet the historian, no less than the natural 
scientist, generalises. His statements of fact are often 
generalisations, as in the passage : — “ The long-continued 
war raised the taxes, checked the growth of manufactures, 
and drained the country of its best peasant blood, only to 
return to it a body of brigand soldiers ruined in morals 
and incapable of honest industry.”’ Beliefs, customs, 
institutions, language, and other phenomena common to 
members of a community or group, may persist relatively 
unchanged, and the historian may seek to determine their 
general features during the period of their existence. Such 
generalisations are valid only within the field from which 
they are drawn. 

Although the complex of conditions which account for 
the concrete case which it is sought to explain is never 
exactly reproduced, and the historian may consider his 
task finished when he has determined what the conditions 
are, it is possible to raise other questions which can only 
be answered when this preliminary work has been done. 
To recur to the quotation given above, we may enquire 

’ Wakeman, The Ascendancy of France, p. 168. 
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■wlietlier there are any general effects Avliicli "war tends to 
produce. This vidll lead to a comparison of wars in different 
ages and in different countries, and to an endeavour to 
formulate points in which they agree. As a matter of fact 
we know that there are general propositions about war 
believed to be true and to be supported by the experience 
of the past, although in themselves they do not suffice to 
explain the course or results of any particular war. By 
means of the compai'ative method the historian seeks to 
discern the general conditions of historical development, to 
detect its general tendencies, and to reveal whatever pur- 
poses may be immanent in the facts.* G-eneralisations 
reached in this way belong to the ‘ philosophy ’ rather 
than to the ‘ science ’ of history ; unless they arise from 
facts, and are continually verified by them, they pass out- 
side the domain of history altogether. 

* Of. Wundt, Logik, 3 Aufl., Bd. 3, p. 394. 
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FALLACIES INCIDENT TO METHOD. 

§ 1. Petitio Principii. — Bj a principium Aristotle 
means a trutli •wliicli can bo lmown of itself. Pctiiio 
principii is, tbereforo, committed ivlien a proposition 
■wliicli req^uires proof is assumed "witliout proof. In otlier 
words, in tliis sense, the petitio principii is the imdue 
assumption of axioms. Now an axiom is a self-evident 
truth, such as are the fundamental assumptions of mathe- 
matics and of lo^c. But it is very easy and very common 
to confuse both the desired and the familiar with the 
obviously true. So that what requires proof is assumed 
as not at all open to question, and from it all sorts of 
consequences are deduced and regarded as proved. The 
Middle Ages, with their reverence for authority in matters 
of thought and knowledge as well as in those of faith and 
conduct, were prolific in such spurious axioms. That 
everything found in Aristotle’s works was true, and every- 
thing not found there false — as when Schemer’s monastic 
superior rejected his discovery of spots on the sun in the 
words : “ I have searched through Aristotle, and can 
find nothing of the kind mentioned: be assured, there- 
fore, that it is a deception of your senses or of your 
glasses ” ^ — was, perhaps, the assumption that did most to 
prevent men from seeking fresh knowledge. It was long 
regarded as axiomatic that the colours in the rainbow 
were arranged in a different order from that in which they 
actually appear — so far can pre-conception go in determin- 
ing what is actually perceived. Other assumptions were 
due to a kind of common-sense estimate of eq)erience — as 

' See Baden Powell, History of Natural Philosophy, p. 171. 
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tliat bodies fall ivitb a rapidity proportioned to tbeir 
weight ; that some substances, such as flame, are positively 
light. Others were mere figures of speech — as that 
‘ nature abhors a vacuum.’ One of the greatest advances 
in human thought is the recognition that nothing is 
axiomatic which admits of verification. 

In our own days the fallacy of assuming axioms is most 
frequently found in arguments relating to human affairs. 
That all change is for the better is regarded by many 
earnest social and poHtical reformers as axiomatic, and the 
natui'e of the assumption is hidden by the question-begging 
tenn ‘ progress.’ This — which properly means nothing 
more than advance in some direction — is assumed to be 
advance in a desirable direction. The common fallacy of 
pai*ty politics of assuming the pai’ty proposals to be neces- 
sarily wise and good, and those of the opposed party to be 
inevitably foolish and evil, and the related assumption that 
“ the will of the people ” is expressed by the party cries, 
common though they be, are almost too foolish to meiit 
notice in a serious work on Logic. 

By logicians generally the term is, however, used more 
widely to denote petitio qusesUi, or the assumption in some 
form of the very proposition to be proved, as a premise 
from which to deduce it. This may be done, Aristotle 
tells us, in five different ways : — by assuming the very pro- 
position to be proved ; by assuming, when the conclusion 
is paiiicular, a universal which involves it; by assuming, 
when the conclusion is universal, a particular involved in 
it; by assuming piece by piece the proposition to be 
proved; by assuming a proposition which necessarily 
implicates the proposition to be proved. The assumption, 
it will be seen, is in every case of the same character. The 
two first modes of committing the fallacy are, however, of 
the greatest importance and of the most frequent occur- 
rence. 

The direct assumption of the proposition to be proved 
would seem to be hardly possible when it is expressed on 
both occasions in the same terms. Still, people can be 
found who commit it. Commenting on an attempt to 
square the chcle published by a Mr. James Smith in a 
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work entitled Nut to Grach, De Morgan says : “ Mr. Smith’s 
method of proving that every circle is 3| diameters is to 
assume that it is so, — ‘if you dislike the term datum, then, 
by hypothesis, let 8 circumferences of a circle he exactly 
equal to 25 diameters,’ — and then to show that eveiy other 
supposition is thereby made absurd. The right to this 
assumption is enforced in the ‘Nut’ by the following 
analogy : — ‘ I think you (!) will not dare (I) to dispute my 
right to this hypothesis, when I can prove by means of it 
that every other value of tt will lead to the grossest absur- 
dities ; unless, indeed, you are prepared to dispute the right 
of Euclid to adopt a false line hypothetically for the pur- 
pose of a reductio ad ahsurdum demonstration in pure 
geometry.’ Euclid assumes what he wants to disprove, 
and shows that his assumption leads to absurdity, and so 
upsets itself. Mr. Smith assumes what he wants to prove, 
and shows that his assumption makes other propositions 
lead to absurdity. This is enough for all who can reason.” * 
Such direct assumption is, however, by no means unusual 
when synonyms are used. Put symbolically, it being agreed 
that S is identical with A, and P with B, the fallacy is 
committed when the proposition /I is 5 is assumed as a 
premise from which to prove S is P. This is, in the 
strictest sense, “ begging the question.” According to the 
directness of the invalid process two sub-forms may be 
distinguished — the hysteron proteron and the circulus in 
demonstrando. 

In the hysteron proteron the conclusion and the premise 
are really the same. Here the fallacy is committed in a 
single step of infei'ence, as ‘ The volume of a body dimin- 
ishes when it is cooled, because the molecules then become 
closer.’ ‘ Opium induces sleep because it has a soporific 
quality.’ It is obvious that the richer a language is in 
synonyms the more likely is a hysteron proteron to appear 
in argmnents expressed in that language. Often a propo- 
sition expressed in abstract terms is given in proof of the 
same proposition expressed in concrete terms, as when we 
are told that the loadstone attracts iron because of its 


* Budget of Paradoxes, p. 327. 
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magnetic power, or that oxygen combines with hydi-ogen 
because it has an affinity for it. A good instance of this 
form of fallacy was unconsciously supplied by the member 
of Parliament who argued that ‘ the bill before the House 
is well calculated to elevate the character of education in 
the coimtry, for the general standard of instruction in aU 
the schools.will be raised by it.’ 

The fallacy may even be committed in single words, by 
the use of what Bentham terms “ question-begging appel- 
latives,” that is, those which beg the question under the 
pretence of stating it. “These,” says Dr. Davis, “are 
potent when laudatory, but even more so when vitupera- 
tive ; as Eadicals, Eebels, and most political catch- words. 
The word ‘ innovation ’ having acquired a bad sense, the 
admission, which is unavoidable, that a new measiu'e is an 
innovation is always construed to its disadvantage.” * So, as 
has been noted, ‘ progress ’ is applied to change as a form 
of approval. 

It must not be supposed that it is difficult to fall into 
this fallacy unintentionally, or that only persons of un- 
trained minds can be guilty of it. Galileo accuses Aristotle 
himself of having committed it in the following argument: 
— ‘The natiue of heavy things is to tend towards the 
centre of the universe, and of hght things to fly from it ; 
experience proves that heavy things tend towards the centre 
of the earth and that light things fly from it ; therefore, 
the centre of the earth is the centre of the universe.’ But 
Aristotle could only say that heavy things tend towards 
the centre of the universe by assuming that centre to be 
identical with the centre of the earth, which is the very 
proposition he undertakes to prove." 

Put symbolically, the Tiysteron proteron takes either the 
form Sis P,S is P, S is P ; or S is P, S is S, S is P. An 
examination of the latter shows that whenever a definition 
is used as a premise in an argument meant to be demonstra- 
tive, the question is begged ; and this Aristotle distinctly 
points out. Por if we argue — ‘ Every rectilinear three-sided 
figure has its angles equal to two x-ight angles, Every tri- 


* Theory of Thought, p. 284. 


* Cf. Port Poyal Logic, p. 249. 
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angle is a rectilinear tliree-sided figure, Therefore, everjr 
triangle has its angles equal to two right angles,’ there is 
no proof. The major premise assumes the veiy point to bo 
proved, for the minor premise does nothing but tell us how 
such a figure is named. Of course, such a use of a defini- 
tion is permissible in popular explanations, though the form 
may bo the same as the above ; for when no demonstration 
is offered, no begging of the question is possible. 

The circulus in dcmonslrando or reasoning in a circle is 
when the assumption of the conclusion ns a premise is 
separated by a greater or less inteiwal from its statement 
as a conclusion. It may bo symbolically expressed thus — 
M is P, S is M, S is P; S is P, /,/ is S, M is P. Of this 
Whately gives a good example: “Some mechanicians 
attempt to prove, (what they ought to lay down as a pro- 
bable but doubtful hypothesis), that every particle of 
matter gravitates equally ; ‘ Why ? ’ ‘ Because those bodies 
which contain more particles over gravitate more sti'ongly, 
i.e. are heavier : ‘ But (it may bo urged) those which are 
heaviest are not always more bulky ’ ; ‘ No, but still they 
contain more particles, though more closely condensed’; 
* How do you know that ? ’ ‘ Because they are heavier ’ ; 

‘ How does that prove it ? ’ ‘ Because all particles of matter 
gi-avitating equally, that mass which is specifically the 
heavier must needs have the more of them in the same 
space.’ ” ' 

The second mode of committing petitio principii is when 
a universal which involves the particular proposition to be 
proved is assmned. Here there is no formal syllogistic 
fallacy. The argument takes the form of a valid syllogism 
in Barbara? But it is an offence against the principles of 
Method, as the proposition assumed is one which needs 
proof quite as much as that which is inferred from it. 
This is the most accurate sense in which the term petitio 
principii is applied. A principium, as was said above, was 
a self-evident truth ; and the true petitio principii was the 
assumption of some proposition of inferior rank as such 
a principle. , Some such truths must be accepted as not 


' Logic, p. 226. 
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req^uiring proof, or all proof would be impossible, as there 
would be no starting point for the process. The fallacy in 
this form is, then, not committed whenever a proposition is 
assumed without proof, but when the proposition thus 
assumed is one which needs just the same Irind of proof, 
bearing on just the same point, as the proposition which is 
to be deduced from it. “ Sound probation,” says Dr. Davis, 
“must depart from such principles as are either imme- 
diately given as ultimate, or mediately admit of proof from 
other sources than the proposition itself in question.”* 
As examples of this form of the fallacy we may give : ‘ His 
cowardice may be inferred from his cruelty, for all cniel 
men are cowards ’ ; ‘A table of logarithms must be enter- 
taining, for all books are so.’ A striking example is found 
in the Eirst Chapter of Mr. Spencer’s Education. After 
stating that “ acquirement of eveiy kind has two values — 
value as hnotvledge and value as discipline,” Mr. Spencer 
goes on to discuss the value of different subjects from the 
point of view of knowledge. He then turns to the dis- 
ciplinary value of studies, and commences his disquisition 
with the following flagrant petitio : — “ Having found 
what is best for the one end, we have by implication 
found what is best for the other. We may be quite sure 
that the acquirement of those classes of facts wliich are 
most useful for regulating conduct, involves a mental 
exercise best fitted for strengthening the faculties. It 
would be utterly contrary to the beautiful economy of 
Hature, if one kind of cultme were needed for the gain- 
ing of information and another kind were needed as a 
mental gymnastic.” 

It is this mode of the fallacy which is referred to when 
it is said that the syllogism is a petitio principii," 

The other modes oi petitio principii are not of much im- 
portance. The third mode — of assuming the particular to 
prove the universal wliich involves it — ^is of the natme of 
a generalisation "from simple enumeration. “ Aristotle him- 
self seems to be guilty of this when he maintains that 
slavery is in accord with natural law, on the ground that 


* Op. cit., p. 288. 
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the neighbouring barbarians, being inferior in intellect, ai-e 
the bom bondsmen of the Greeks.”' 

The fourth mode is only a variety of the fii'st. Thus, to 
take Aidstotle’s example, when, in trying to show that the 
healing art is knowledge of what is wholesome and un- 
wholesome, it is successively assumed to be the knowledge 
of each. 

The fifth mode is when a proposition which is in reci- 
procal relation to another proposition is assumed as a 
means of proving the latter. Aristotle’s example is the 
assumption that the side of a square is incommensurable 
with the diagonal when the proposition to be proved is 
that the diagonal is incommensxirable with the side. Other 
examples are : London is north of Brighton, therefore, 
Brighton is south of London; Philip was the father of 
Alexander, therefore, Alexander was the son of Philip; 
‘ Everywhere the light of life and truth was lacking, for 
darkness covered the earth, and gross darkness the people.’ 
In all these cases we have obviously no passage of thought; 
it is the same judgment which is expressed in different 
words ; nor does the new expression unfold any meaning 
which was previously implicit. 

2. Ignoratio Slenchi. — ^By an elencJius — i.e. a refuta- 
tion — ^Aristotle meant a syllogism with a conclusion con- 
tradictory of the thesis to be refuted. The ignoratio 
elenchi was then applicable only to disputation, and con- 
sisted in arguing beside the mark, in answering to the 
wrong point, in establishing a proposition which did not 
overthrow the original thesis.' But the scope of the fallacy 
may weU be extended — as it usually is by modem logicians 
— ^to include all cases in which instead of the required con- 
clusion, a proposition which may be mistaken for it is 
established. This might appropriately be called ignoratio 
or mutatio conclusionis. In every case the error consists in 
proving the wrong point. It is thus a violation of the 
most general rule of method — ^to be clear as to the pur- 
pose. As an example of ignoratio elenchi we may take 


* Davis, op. cit,, p. 289. jSee Aristotle, Politics, i. 2. 
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tlie common argument against a classical education that 
“ throughout his after career, a boy, in nine cases out of 
ten, applies his Latin and G-reek to no practical pur- 
poses.”^ This is to ignore tlie fact that the advocates of 
a classical education do not claim that Latin and Greek 
are of direct use in practical life. What they do urge is 
that the study of the classics furnishes an unrivalled 
mental training ; and it is to the disproof of this proposi- 
tion that a time elencJius must be ad^essed, 

ISTo fallacy is more common or more easily committed 
than ignoratio. Anyone who has had experience of dis- 
putations and debates knows how constantly recurrent is 
the tendency to wander from the real point at issue, espe- 
cially when the subject under discussion is a wide one, and 
how necessary it is for a speaker occasionally to begin his 
remarks by reminding the disputants what the question 
under discussion really is. This tendency must be guarded 
against especially when any practically important results 
flow from the conclusion reached. Thus, as De Morgan 
tells us : ” The pleadings in our courts of law, previous to 
trial, are intended to produce, out of the varieties of 
statement made by paidies, the real points at issue, so that 
the defence may not be ignoratio elenchi, nor the case the 
counter fallacy . . . ignoratio conclusionis. If a man were 
to sue another for debt, for goods sold and delivered, and 
if the defendant were to reply that he had paid for the 
goods furnished, and plaintiff were to rejoin that he could 
find no record of that payment in his books, the fallacy 
would be palpably committed. The rejoinder, supposed 
true, shows that either defendant has not paid, or plaintiff 
keeps negligent accounts ; and is a dilemma, one horn of 
which only contradicts the defence. It is plaintiff’s busi- 
ness to prove the sale fxmm what is in his books, not the 
absence of payment from what is not, and it is then de- 
fendant’s business to prove the payment by his vouchers. 

This leads on to that form of the fallacy which consists 
in throwing the burden of proof on the wrong side. Proof 
of an assertion should generally be given by the person 


' Spencer, Education, Oh. I. 


* Op. cit., p. 260. 



§ 2 ] IGNOBATIO ELENCHI. 207 

wlio makes tliat assertion, and to endeavour to transfer to 
an opponent tlie task of proving the negative of that 
assertion is an ignoratio elencJd. It is often said that it 
is difficult, if not impossible, to prove a negative. And 
this is true so long as the negative is a bare denial. But 
the establishment of every positive proposition proves a 
number of negatives. If, then, the number of possible 
alternatives are few, the proof of any one of them ne- 
gates all the others. This principle is adopted in law. 

“ For instance, a homicide, as such, is considered by the 
law as a murderer unless, failing justification, he can prove 
he had no malice. . . . The case stands thus : — the alter- 
natives are few, so that proving the negative of one, which 
the accused is called on to do, can be done by proving the 
affiimative one out of a small number. There is but 
malice,' heat of blood, misadventure, insanity, etc., to which 
the action can be referred. Of these few things it is easier 
for the accused to establish some one out of several, above 
aU when motive is in question (of which only himself can 
be in possession of the most perfect knowledge), than it is 
for the prosecutor to establish a particular one. Another 
principle on which he is called on to establish a negative 
(or rather another positive) is that the burden of proof 
fairly lies on the one to whom it will be by much the 
easiest.”^ 

One form of the fallacy is to confuse objections against 
the thesis proposed with its disproof. Especially is this 
likely to be committed when the question at issue is some 
proposed change, say in the law. Against most reforms 
some objections can be urged, but to treat these as neces- 
sarily fatal is an ignoratio elenchi ; the point to be estab- 
lished is that those objections outweigh the I'easons for the . 
proposed change, and simply to point out their existence is 
entirely beside the mark. One common specimen of this 
form of the fallacy is to object to a certain conclusion as 
[ tending to establish a position deemed undesirable. Here 
we have what De Morgan calls “ the great fallacy of all, the 
determination to have a particular conclusion, and to find 


1 De Morgan, ibid., p. 261. 
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arguments for it,” ' coming into play. The conclusion heing 
fore-ordained, aU arguments •which make against it are 
refused a hearing. 

Another form of the fallacy is to prove, or disprove, part 
of ■what is required, and to dwell on that to the exclusion 
of the remainder. Thus, if one disputant supports a con- 
clusion by weak arguments, his opponent may confine 
himself to showing the weakness of his arguments, and 
leave his readers or hearers to infer that, consequently, the 
conclusion drawn from those arguments is false. The 
handle thus given to the enemy should be a waming 
agamst the practice of urging bad arguments in support 
of a good cause. 

A more extreme case of the same mode of committing 
the fallacy is the taking exception to a mere illusti*ation or 
part of an illustration, which has no essential connexion 
with the point in dispute. The very use of illustration at 
aU is liable to be an ignoratio elenchi. For an illustration 
is intended to make some point of difficulty clearer and 
easier of comprehension to the hearer or reader. But the 
user of the illustration may mistake the point which -will 
need elucidation, and may illustrate the -wi'ong point. And 
there may equally be an ignoratio on the part of the pupH. 
As De Morgan says ; “ The greatest difficulty in the way 
of learners is not kno'wing exactly in what their difficulty 
consists ; and they are apt to think that when something is 
made clear, it must be the something.”” And he rightly 
goes on "to point out the danger incident to the use of con- 
crete examples in the study of the rules of formal infer- 
ence. “ If the student receives help fi’om an example 
stated both in matter and form, the odds are that the 
help is derived from the plainness of the matter, and 
from his con'viction of the matter of the conclusion. . . . 
The right perception may, no doubt, be acquh'ed by 
reflection on instances ; but the minds which are best 
satisfied by material instances are also those which give ^ 
themselves no fm’ther trouble.”® The use of illustrations 
is also liable to the fallacy in another way — the person 


* Ibid., p. 264. 


* Ibid., p. 266. 


® Ibid., pp. 266-267. 



IGNOEATIO ELENCHI. 


§ 2 ] 


209 


to -wlioin an illustration is addressed may not see the 
analogy of the matter. 

One common and most objectionable form of ignoratio 
elenchi is summed up in the advice to counsel : ‘ No case ; 
abuse the plaintiff’s attorney.’ Discussions, especially on 
subjects of real practical importance, such as politics and 
religion, are not usually conducted entirely in cold blood. 
Prejudice and even bad faith lead members of one party 
to attribute all kinds of base 'motives to their opponents, 
and to discount all the statements they make. “ The testi- 
mony is, in the receiver’s mind, of a low order ; the pro- 
poser is a radical, and the receiver is of opinion that a 
radical would pick a pocket : or else, perhaps, the proposer 
is a tdry,.and the receiver is of the belief that a tory must 
have picked a pocket.”' But it must be remembered that 
abuse is not argument, and that to prove any amount of 
iU conduct against the proposers of a certain measure or 
the maintainers of a certain proposition will not prove the 
measure unwise or the proposition untrue. 

Closely allied to this form of the fallacy is the argumen- 
tum ad hominem, or the tu quogue — ^you’re another — style 
of argument. All recrimination, aU charges of inconsis- 
tency, are of this character, unless indeed the very point 
in dispute is personal character or consistency. But when 
a statesman brings forward a certain measure it is no 
objection to that measure to point out that he has hitherto 
opposed it. Very often, indeed, when a disputant tries to 
turn his opponent’s former arguments against himself, it 
is not, as De Morgan says, “ absolutely the same argu- 
ment which is turned against the proposer but one which 
is asserted to be like it, or parallel to it. But parallel 
cases are dangerous things, liable to be parallel in imma- 
terial points, and diverge in material ones.”^ 

A sub-form of this species of the fallacy is the argumen- 
tum ad laculum. As Mr. Stock remarks : “ To knock a 
man down when he differs from you in opinion may prove 
your strength, but hardly your logic.”® 

' De Morgan, {bid., p. 263. '■* Ibid., p. 265. 

® Deductive Logic, p. 313. 

14 


I. Ii. 


210 


FALLACIES INCIDENT TO METHOD. [CH. 17 

AHother form of ignnratio is tHe argumentum ad popu- 
lum, or appeal to popular passion or prejudice. The 
following ‘ argument ’ against a literary education appears 
to us to be a strildng instance : “ When a mother is 
mourning over a fii'st-born that has sunh under the sequelae 
of scarlet-fever — when perhaps a candid medical man has 
confirmed her suspicion that her child would have re- 
covered had not its system been enfeebled by over-study — 
when she is prostrate under the pangs of combined grief 
and remorse ; it is but small consolation that she can read 
Dante in the original.”^ 

Closely allied to this is the argumentum ad ignorantiam, 
which consists in trusting that the ignorance of the hearer 
will lead to the acceptance as proved of statements which 
are by no means proved. And this is frequently allied 
with the argumentum ad verecrindiam or appeal to a re- 
spected authority. ‘ You should accept this conclusion, or 
advocate this measure, because so-and-so supports it ’ is an 
ignoratio elenclii not infrequently heard in political life. 
This also involves a fallacy of illicit generalisation.* Undue 
respect for authority leading to a neglect to examine the 
evidence for and against a given proposition is not a state 
of mind favourable to the detection of fallacy. 

3. ISTon sequitur or Uon propter hoc. — This fallacy 
is committed whenever the conclusion is not a necessary 
consequence of the premises. Both the premises and the 
conclusion may be granted, and yet the derivation of the 
one from the other denied. Or the premises may be 
accepted, and the conclusion ostensibly drawn from them 
rejected. If one wishes to refute a proposition by showing 
that it leads to absurd results, and one includes it as a 
premise among others, then though the conclusion drawn 
from their combination may be absurd or impossible it 
does not foUow that the absurdity or impossibility is due 
to that one particular premise. If it be argued that the ^ 
increase of schools has been evil, and for proof it be 
pointed out that official returns show a continuous increase 

* See pp. 494-498. 


* Spencer, Education, Ch. I. 
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of crime 'we have an obvious non-sequittir. For it may bo 
retorted that there are many antecedent conditions besides 
tbe increase of schooling, and that increase of crime may 
■with more probability be traced to them: or that the 
increase is only apparent and is really proof of better 
admirdstration of the la'W rather than of its more frequent 
violation. 

In the first case distinguished there is not a true syllo- 
gism but really four terms, for "were the syllogism a good 
one the conclusion must be granted if the premises be 
accepted. This is the position of Aristotle. In the Ana- 
lytica Friora he says: “The most ob-vious case of the 
irrelevance of the thesis to the conclusion is ■when the 
thesis is not connected by any middle ■term ■with the con- 
clusion.”* It thus appears that this fallacy involves, at 
any rate in some instances, the formal syllogistic fallacy 
of four- terms. But rrhen it is considered generally, its 
essential connexion ■with proof by reductio ad impossibile 
classes it more appropriately as a fallacy incident to method. 

In the second case the presence of the fallacy may be 
detected by trying whether the premise in question can be 
omitted ■without interrupting the sequence of the argument. 
But it must be remembered that the superfluous pi'emise 
may have been tacitly assumed, as in the example .^istotle 
gives : “ We assume that the opposite of destruction is 
generation ; therefore, the opposite of a particular destruc- 
tion is a particular generation; but death is a particular 
destruction and its opposite is life ; therefore life is gene- 
ration, and to live is to be generated. This is absurd. 
Therefore life and soul are not identical.” Here the premise 
assumed is that ‘ Life and soul are identical.’ The premise 
tacitly assumed' must be made explicit before it can be seen 
whether the absurdity of the conclusion is really due to it 
and to it alone. 

A common example of a non-sequitur is when an opponent 
of some suggested reform objects that “ it may be good in 
theory but is bad in practice.” If we grant the conclusion 
as true yet the badness in practice does not follow from the 


a. 19. 
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goodness in theory. It is assumed that theory and practice 
are incompatible — which is absurd. The badness of the 
practice results from the inadequacy — and therefore, bad- 
ness — of the theoiy, from the incompetence of the prac- 
titioner, or from interferences from without which prevent 
the practice being a real example of the theoiy. Political 
speeches afford a happy liunting-ground for the seeker 
after this, and every other, kind of fallacy. When an 
oration is self-destructive we may be said to have a very 
real non-sequitur, for as the premises annihilate each other 
there is nothing left from which a conclusion can be drawn. 

The reader may be interested in comparing the following 
propositions from one and the same speech recently made 
in the House of Commons by Mr. Asquith ' : 

“ The House of Lords has long ceased to have any real 
control over policy and administration, ..." 

“ Then followed the four years, 1906-1909. . . . During 
those yeai's . . . the House of Lords resolutely opposed 
and successfully defeated the principal controversial 
measures passed by the largest majorities in the annals of 
the House of Commons. The climax was reached in the 
autumn of 1909 when the House of Lords rejected the 
finances of the year. . . . 

“ If that precedent had been allowed to stand the Lords 
could always, as they did then, by destroying the finance 
of the year, compel the Government of the day to resign 
office or to appeal by dissolution to the electorate.” 

The remarkable thing is not that such self-contradictory 
positions should be taken in the com-se of a speech of some 
length, but that neither friends nor foes seemed aware of 
the logical character of the argument addressed to them. 

' Beported in ‘ The Times,’ February 22, 1911, 



CHAPTER XVni. 


GENERAL NATURE OF SYLLOGISM. 

1. Definition of Syllogism. 

A Syllogism is an inference in wMcb, £i:om two 
propositions, wMch. contain a common element, and 
one,- at least, of whicfi is universal, a new proposition 
is derived, wliich is not merely tfie snm of the two 
first, and whose truth follows from theirs as a neces- 
sary consequence. 

The word Syllogism may be considered as retaining its 
strict etymological meaning — ‘ a collecting together ’ — and 
as implying that the elements of a syllogism are thought 
together. The -word thus emphasises the fact that a syllo- 
gistic inference is one indivisible act of thought. 

As one of the propositions given as data must be uni- 
versal, eveiy syllogism is an inference from the general; 
in many cases it is an argument from the general to the 
particular or individual. Syllogism is the one means by 
vrhich a general principle can be applied to specific in- 
stances; and in no case can the derived proposition be 
more general than those from which it is drawn. 

The whole force of a syllogism depends upon the neces- 
sity with which the inferred proposition follows from those 
given as data, and this necessity must be evident from the 
mere form of the argument. 

The matter of a syllogism is given in its terms, which 
vary according to the subject to which the argument refers. 
Its form consists in that relation of the terms by which 
they are united in two propositions necessitating a certain 
conclusion. Syllogistic inference is, thus, purely formal, 
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and can, consequently, be entirely represented by symbols. 
We are concerned in a syllogism, not -with the truth or 
falsity of either of the individual propositions which com- 
pose it but, simply with the dependence of one of them 
upon the other two, so that, if we grant the latter, we, of 
necessity, accept the former. The derived proposition, 
therefore, propounds no truth which was not contained in 
the data. But this is no objection to the syllogism as a 
process of inference ; it is, indeed, a necessity if that pro- 
cess is to be wholly regulated — as we shall show in the 
next chapter that it is — by the Laws of Thought. 

If the given data are objectively true, the proposition 
inferred from them must also be true ; but, if the given 
data are objectively false, it may accidentally happen that 
the derived proposition is true in fact. This is, however, a 
mere coincidence ; its truth is known from other sources, 
and is not established by the syllogism. For example, 
from the data 

Lions are Tierbivorons 

Cows are lions 

we derive the proposition Goios 'are herbivorous^ which is 
true, but whose truth cannot be held to be a consequence 
of the given data, which are both false. 

It is essential that the propositions which form the data 
should have a common element, as, otherwise, they would 
have no bond of connexion with each other, and, conse- 
quently, no third proposition could be dra'wn from their 
conjunction. But this common element does not appear 
in the derived judgment, which is an assertion connecting 
the remaining elements of the syllogism. 

The Elements of a Syllogism are the propositions and 
terms which compose it. ‘ Terms ’ is here used widely to 
cover, not only the true terms of categorical propositions, 
but also the propositions which form the antecedents and 
consequents of hypothetical propositions. The three pro- 
positions which compose a syllogism are called its Proxi- 
mate Matter, and the terms (in the wide sense just noted) 
which are united in those propositions are styled its Remote 
Matter. The derived proposition is the Conclusion of the 
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sjllogism, and tlio tiro propositions from -which it is derived 
are the Frcvnucs. 

These names are applicable when the sjllogism is stated 
in the ordinary and strictly logical form, in which the 
premises precede the conclusion — as when wo say ‘ Every- 
thing which tends to reduce tlio supply of any article tends 
to raise its price; Protective Duties tend to reduce the supply 
of those articles on which they are imposed; therefore, 
Protective Duties tend to raise the price of those articles 
on which they are imposed.’ But, when the conclusion is 
put forward first, as a thesis to bo proved, it was called by 
the old logicians the Question, and the propositions which 
establish it, and which are then introduced by ‘ because,’ 
or some other causal conjunction, were termed the Reason. 
In this form, the syllogism given above would read — ‘ Pro- 
tective Duties tend to raise the price of those articles on 
which they are imposed, because they tend to reduce the sup- 
ply of those articles ; and everything which tends to reduce 
the supply of an article tends to raise its price.’ Tlicso 
latter terms are, however, but little used by modem m-iters. 

The element common to the two promises is called the 
Middle Term, and is most conveniently symbobsed by M ; 
while the other two terms are styled the Extremes. Dis- 
tinguishing between the extremes, that which is the pre- 
dicate of the conclusion is called tho Major Term, and 
may be expressed by the symbol P; that which is tho 
subject of the conclusion is named the Minor Term, and is 
appropriately represented by S. Tho premise in which the 
major and middle terms occur is known as the Major 
Premise] that in which the minor and middle terms are 
found is called the Minor Premise. The order in wliich 
the premises are stated is, of course, of no consequence so 
far as the yalidity of the argument is concerned ; but, as 
the relation of the propositions is most clearly expressed 
by stating the major premise first, that order must be 
regarded as the legitimate logical form of a syllogism. 

The use of the words Minor, Middle, and Major to 
denote the terms of a syllogism arose from the considera- 
tion of that form of syllogism in which the conclusion is a 
imiversal affirmative proposition, and both whose premises 
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are also ■universal affirmatives. This syllogism may he 
symbolised by 

MaP 
SaM 
.\S a P 

Here, as the extent of the predicate of an affirmative pro- 
position must be, at least, as great as, and is generally 
greater than, that of the subject, it is plain that P must be 
at least as vride as, and is probably -wider than, M in extent, 
and similarly -with M and S. Hence, the extent of M is, in 
most cases, intermediate between that of S and that of P, 
and, in other cases, is coincident -with that of one, at least, 
of those terms. This relation of extent does not hold in 
all syllogisms and is not essential to the validity of syllo- 
gistic argument. For instance 

MaP 
MaS 
S i P 

is a perfectly valid argument, though S is here greater 
than, or at least as great as, M in extent. Similarly, when 
one of the premises is negative, this relation of extent is 
not assured. For example, in 

M eP 
SaM 
.-.SeP 

the inference is perfectly' just whether P be grea-ber than, 
equal to, or less than, M in extent ; we cannot tell which 
is the case, nor is it material, as the total exclusion of P, 
which does not depend on its extent relatively to that of M, 
is secured. The names Minor, Middle, and Major are not, 
therefore, appropriate in all cases, if they are regarded as 
referring to the extension of the terms ; but they are uni- 
versally accepted and recognised, and are as convenient as 
any others which could be invented. In another sense, more- 
over, the expression ‘ Middle Teim ’ is quite appropriate, 
for -that term in every syllogism mediates the conclusion, 
and is the middle bond of union connecting the premises. 
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This terminology of Terms and Premises is primarily 
applicable to syllogisms •which are entirely composed of 
categorical propositions, but it may bo broadly tmnsfciTcd 
to those which consist, whoU}' or in part, of hypothetical 
or disjunctive propositions. 

2. Kinds of Syllogisms. — ^As there are different kinds 
of propositions — Categorical, Hypothetical, and Disjunctive 
— all of which can bo used in syllogistic arguments, it 
follows that B3’llogisms can be of different kinds, or rc- 
laiioiis as it is technically called. 

"Wlien both the premises in a sj’Uogism are of the same 
character as regards the relation of the terms — categorical, 
h3'pothetical, or disjimctivo — ^the B3’llogism is said to bo 
Parc, and the conclusion is, in every case, of the same 
X'clation as the premises. Thus, two categorical premises 
3 'ield a categorical conclusion, two h 3 *pothelical premises 
necessitate a hypothetical conclusion, and from two dis- 
junctive promises there follows a disjunctive conclusion. 
There are, therefore, three lands of pure syllogisms — the 
Categorical, the Hypothetical, and the Disjunctive. 

"When the premises are propositions of different relations 
the syllogism is called Mixed. In the first place, the major 
premise may be either hypothetical or disjunctive, and the 
minor categorical. A syllogism in which this order was 
reversed would be impossible, as the minor premise must 
state, in a definite manner, the special case which is to be 
brought under the more general statement of the major 
premise. This gives two lands of Mixed S 3 'Ilogisms — the 
Hypothetical and the Disjunctive. These Hypothetical 
Syllogisms are sometimes called Hypothetico-Categorical, 
but it is more usual to name a mixed syllogism in accord- 
ance -vrith the relation of the major premise. To avoid 
confusion, we shall always call syllogisms in which all the 
propositions are hypothetical or disjunctive propositions 
Dure Hypothetical and Pure Disjunctive Syllogisms ; while 
those with categorical minor premises and conclusions we 
shall style Mixed Hypothetical and Mixed Disjunctive Syllo- 
gisms, according to the character of the major premise. 

In the second place, the major premise may be hypo- 
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tlietical and tlie minor disjunctive. Tliis gives tliat 
peculiar form of mixed syllogism called tlie Dilemma, in 
wliicli, according to tlie number of terms in the major pre- 
mise, tlie conclusion is either categorical or disjunctive. 

We thus get the follovring table of kinds of syllogisms — 


Syllogisms 


ri. Pure - 


t2. Mixed - 


(a) Categorical. 

(b) Hypotbetical. 

(c) Disjunctive. 

(а) Hj'potlietical. 

(б) Disjunctive, 
(c) Dilemmas. 


The distinction between Pure Hypotbetical and Pure 
Disjimctive Syllogisms on the one band, and Categorical 
Syllogisms on the other is not of as great importance as is 
the distinction between bj^pothetical, disjunctive, and cate- 
gorical propositions ; for, in all cases the force of the 
syllogism depends on the necessity with which the con- 
clusion follows from the premises, and the same rules will 
be found to apply to all kinds of Pm-e Syllogism. But the 
Mixed Syllogisms requhe somewhat different treatment. 

We shall, in the next three chapters, confine our atten- 
tion to Pure Syllogisms, worldng out the details fully with 
categorical syllogisms, and then showing how they can be 
applied to pure hypothetical and pure disjunctive syllo- 
gisms. We shall then, in the following chapter, discuss 
Mixed Syllogisms. 



CHAPTEE XIX. 


POSTULATES OP DEDUCTIVE INFEEENCE. 

1. Basis of Pure Syllogistic Beasoning. — ^As syllo- 
gistic reasoning is piirely formal, it rests ultimately upon 
the Lavs of Thought. The Principle of Identity is the 
basis of every affirmative categorical syllogism, and that 
of Contradiction of every negative categorical syllogism. 
Por pure hypothetical syllogisms an additional reference 
is required to the Principle of Sufficient Eeason. 

As both the premises of every syllogism contain the 
same middle term each affirmative categorical promise 
must state that an element of identity exists between that 
term and one of the extremes, and each negative categorical 
premise must assert a separation between the middle term 
and one of the extremes. If, then, both premises are 
affirmative categoricals, the extremes are connected with 
each other mediately in so far as each is identical with 
the middle term; identity to the same extent is estab- 
lished between them. Of course, if restrictions of quantity 
are introduced into the premises, they limit the identity, 
and the same limitation must appear in the conclusion. 

If, out of two categorical premises, one is negative, then, 
as one extreme is excluded from li/I, it is excluded from 
everything which is identical with M, and, therefore, from 
the other extreme; for the other premise must be affir- 
mative, and a term cannot at the same time agree with M 
and with a term which is incompatible with M. Thus, 
symbolically, if S is IVI, and M is not P, then S is not P. 

These principles apply equally to pure syllogisms whoso 
premises are hypothetical propositions. But hero the pro- 
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position •whicli forms the ' middle term ’ of such a syllogism 
gives the reason why the proposition which forms the 
‘minor tenn’ is the antecedent, whose affirmation is the 
gi'ound for the assertion of the proposition which fonns 
the ‘major term,’ and is, therefore, the consequent of the 
conclusion. Thus, symbolically, from If A, then B; and 
if B, then C, it follows that If A, then C ; the ‘Sufficient 
Eeason’ being found in the relation of both these extremes 
toB. 

2. The Dictum de omni et nuUo. — ^Instead of appeal- 
ing directly to the simple statements of the Laws of 
Thought, logicians have been accustomed to give various 
axioms — ^which are more or less expansions of those state- 
ments — as the bases of syllogistic reasoning from cate- 
gorical propositions. 

The most important of these is the Dictum de omni et 
nullo. The scholastic lo^cians regarded as the perfect 
type of categorical syllogism that in which the middle 
term is the subject of the major premise and the predicate 
of the minor premise — ^that is, in which the empty schema is 

M P 

S M 

S P. 

All other forms of syllogism can be reduced to this by 

applying the various modes of eduction to the premises. 
The validity of such other foims can, therefore, be tested, 
by fii’st reducing them to this standard foim, and then 
enquiring whether or not they conform to the general 
axiom which applies directly to this foim. only. These 
logicians, therefore, gave one axiom as the fundamental 
piinciple of syllogistic reasoning. This is the time-honom-ed 
Dictum de omni et nullo, which is, perhaps, most satisfac- 
torily expressed by saying : 

Whatever is distributively ^predicated, whether affirma- 
tively or negatively, of any class may be predicated in like 
manner of anything ivhich can be asserted to belong to that 
class. 
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This axiom is simply an slalcmonl of (lio 

Principles of Identity and Coidrndiction ; for, to jiredicat/* 
anything of a tenn used distributively is to malco the 
same predication of each of Iho constituents of the denota- 
tion of that tenn. 

3. General Bnlos or Canons of Categorical Syl- 
logisms. 

(i) Derivation of Bnles from tlio ‘Dictnm.’ — The 
Dicium dc omni d nuUo, as ]ia.s l)cen said, is directly 
applicable to syllogisms in -whoso premi.^es the middle 
term is the subject of the major, and the predicate of the 
minor, premise. To all other fonns of syllogism it applie.s 
indirectly through this form. The Didum may, therefore, 
bo talcen as the special axiom of all syllogistic infoi-ence; 
and, consequently, all niles which govern such inferences 
must bo dcduciblo from it. An examination of the Didum 
win give theso in a specific form, corre.sponding to its own 
direct reference to one form only of syllogism ; but by 
slight generalisations they can l>o made directly applicable 
to all fonns of syllogism. Such an examination show.s 

thatr— 

1. Tlio Didum spe.il:B of three, and of only three, terms. 
There is the ‘ "Whatever is predicated ’ — which is the major 
term; tlio ‘class’ of -which it is predicated — the middle 
tenn ; and the ‘ anytliing as.^erted to belong to that class ’ 
— the minor term. This gives the rule that a fyllogifin 
must have ihrcc, and only three, ierma. 

2. Similarly, there are three, but only three, propositions 
contemplated by the Didum. There is that in wJiich the 
original predication is made of the ‘ class ’ — the major 
premise ; that which declares something ‘ to belong to that 
class ’ — the minor premise ; and that in which the original 
predication is made of that included something — the 
conclusion. Hence, the rule that a eyllogism must consist 
of three, and only three, propositions. 

3 The Dictum says the original predication is made of 
some ‘ class.’ How this ‘ class ’ is, as has just been said, 
the middle term, which is directly regarded by the Dicium 
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as the subject of the major premise. Thus, the Dictum 
tells us that in this form of syllogism the middle term 
must be distributed in the major premise. Generalising 
this, we get the rule that the middle term must he distribute 
in one, at least, of the premises. 

4. The Dictum says the original predication may be made 
of ‘ anything ’ which can be asserted to belong to the class ; 
therefore, that predication must not be made of a term 
more definite than this ‘ anything.’ Hence, if the ‘ anything ’ 
is undistributed in the premise it must be undistributed in 
the conclusion. Similarly, the same predication which is 
made of the ‘ class ’ in the major premise can be made of 
this ‘ anything ’ in the conclusion ; we are, therefore, not 
justified in making a more definite predication, and hence, if 
this predication is made by means of an undistributed term 
in the predicate of the major premise, it must be made by a 
similarly xmdistributed tei*m in the predicate of the con- 
clusion. Generalising this, we get the rule that no term 
may he distributed in the conclusion which is not distributed 
in one of the premises. ' 

5. According to the Dictum the minor premise, in the 
form of syllogism to which it directly refers, must be 
affirmative, for it must declare that something can be 
included in the ‘class’ (i.e. in the middle tenn). This, 
when generalised, gives the rule that one, at least, of the 
premises must be affirmative. 

6. The Dictum recognises the possibility of the original 
predication — ^that is, the major premise in such a syllogism 
as it directly applies to — being either affirmative or nega- 
tive, and declares that the predication in the conclusion 
must be made ‘ iu like manner.’ As, according to 5, the 
minor premise in such a syllogism is always affirmative, it 
follows that when both premises are affirmative the con- 
clusion is affirmative, and when the major premise is 
negative, then, and only then, the - conclusion is negative 
as well. By generalising this, we get the rule that a 
negative premise necessitates a negative conclusion, and 
there cannot be a negative conclusion without a negative 
premise. 
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(ii) Esamination of the Rules of the Syllogism. — 
Wo. thus, get tlie (raclitional six general rules, or canons, 
of the s 3 ’lIogisin. Each of these is directly applicable to 
everj' form of syllogism, and no syllogism is a valid 
inference in which any one of these rules is violated. An 
examination of them" shows tlmt the llret two relate to the 
nature of a syllogism, the second two to quantity — or dis- 
tribution of terms, and the last two to quality. They may, 
therefore, bo summarised thus : 

A. Relating to Nature of S^'llogism : 

I. A Fi/lIogis7)j mvd coniain three, and only three, 
terme, 

II. A eylloghm must consist of three, and only three, 
propositions. 

B. Relating to Quantity : 

III. The middle term must he distributed in one, at 

least, of the premises. 

IV. No term may he distributed hi the conclu.don 

which is not distributed in a premise. 

C. Relating to Quality ; 

V. One, at least, of the premises must be afjirmative. 

VI. A negative premise necessitates a negative con- 
clusion, and to prove a negative conclusion 
requires a negative premise. 

We mil now examine each of those rules in detail. 

Rules 1 and II. — These are not rules of syllogistic 
inference, but rules for deciding whether or not we have a 
syllogism at all. Rule I forbids all ambiguity in the uso 
of the terms employed in the syllogism ; for, if any term 
is used ambiguously, it is really two terms, ' and so the 
argument really contains four, instead of three, terms, and 
is not a true syllogism at all, though it may, at first sight, 
appear to be one. If there is ambiguity it is most likely 

* See pp. 20 ; 60-64. 
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to occur in the case of the middle term, and hence, 
Rule III is frequently stated with the additional words 
‘and must not he ambiguous.’ But this is unnecessary, 
for Rule I provides against that error, and also against 
a similar fault in connexion with either the major or the 
minor term, which, if not so common, is equally fatal, when 
it does occur, to the validity of the inference. 

A good example of an ambiguous middle is given by 
Be Morgan ^ — 

“ All criminal actions ought to he punished hj law : 

“ Prosecutions for theft are criminal actions ; 

“ .•. Prosecutions for theft ought to be punished by laxo. 

“ Here the middle term is doubly ambiguous, both 
criminal and action having different senses in the two 
premises.” If the middle term is not exactly the same in 
lioth premises it is evident there is no connecting link 
between the major and minor terms. There must be a 
common element, and this must be identical in the two 
premises. Mere resemblance, however close, is not enough ; 
for then S and P might resemble M in different ways, and 
so no connexion be established between them. 

Again, if 5 or is used in a different sense in the con- 
clusion from that which it bears in the premise in which 
it occurs, the inference is invalid; for the premises justify 
only the predication of that same P which was connected 
in the major premise with M, of that same S which was 
related in the minor premise to the same M. 

Of Rule II but little need be said. If there are three 
terms, two of which are to occur in each proposition, and 
the same two in no two propositions, it is evident thei’e 
must be three, and only three, propositions. The very 
definition of a syllogism secures this rule directly, and 
Rule I indirectly ; for two premises with a common term 
contain evidently three, and only three terms, and the 
conclusion relates the two terms which are not common to 
the two premises. 


' Formal Logic, pp. 241-242. 
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Rtile III. — The violation of this rule is called the 
Fallacy of the TJndisirihuieA Middle. It is essential that 
the middle term should he distributed in one, at least, of 
the premises, as only thus can there be any assurance that 
’ them exists that element of identity which is necessary to 
constitute a bond of connexion between the extremes. 
Unless it is certain that the extremes are related to one 
and the same part of the middle term, there can be no 
inference as to the relation in which those extremes stand 
to each other, blow, if only an indefinite reference is 
made to the middle term in each premise, either the same, 
or an entirely different, part of its extent may be, in fact, 
involved in each case. For example, because All English- 
men are Europeans, and All Frenchmen are Em-opeans, it 
does not follow that AH (or any) Frenchmen are Engbsh- 
men. In fact, every possible relation between S and P is 
consistent with the two propositions All P is M and All S 
is M, where M is an undistributed middle teim. This is 
seen at a glance by a reference to Euler’s diagrams, which 
give aU the possible objective relations of two classes.* 
Each of those five figures may be entirely enclosed in a 
larger circle representing M, and in each case P a M and 
S a M win hold true. Thus, it is evident that from two 
such propositions no inference whatever can be drawn as 
to the relation of 5 and P. ' Similar ambiguity will be 
found to follow from every other case in which, in a pair of 
propositions, M is not once distributed. 

As, then, we have no security when M is undistidbuted 
that there is any bond of connexion between S and P, we 
can draw no inference concerning the relation of those two 
terms. For formal inference can depend only upon that 
bare minimum of assertion which the premises must be 
held to make unconditionally ; and, therefore, as it is for- 
mally possible that the same part of M is not refeired to 
in both premises, we must not assume that it is so referred 
' to in any particular case. Only, then, by securing the 
whole of the middle term in one premise can we be for- 
mally certain that there is an identical element in botli 


I. L, 


> Of, p. 117. 
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premises. And, though the middle term may he dis- 
tributed in both premises, yet a single distribution is 
suflBcient to secure tliis. For, if the v'hole extent of M is 
related to one of the extremes, no matter what part of M is 
related to the other extreme, it must be identical with 
some at least of the M referred to in the foiTuer case. 

Of course it is the identical pai-t of M which is the groimd 
of the inference. The rule of distribution is only a fonnal 
safeguard that such a common bond of reference is 
present. 

Unle IV. — ^The violation of this rule is called Illicit 
Process. If the minor term is distributed in the conclu- 
sion and not in the minor premise, we have the Fallacy oj 
Illicit Process of the Minor Term ; , if the same unwarranted 
treatment is accorded to the major term, it gives rise to 
the Fallacy of Illicit Process of the Major Term. As the 
conclusion must follow necessarily from the premises, we 
can never be justified in making a predication about a 
definite All S when the minor premise only refers to Some 
S. For, if merely an indefinite part of S is stated to be 
related to M, that statement can give us no right to trace, 
through M, a connexion between P and all S. Because all 
criminals are deserving of punishment, and some English- 
men are criminals, it does not follow that all Englishmen 
are deserving of punishment. The conclusion must be no 
more definite than the premises warrant. And the same 
holds of the major term. We are justified in relating the 
whole of P to 5 only when the whole of P has been 
previously related to M in the major premise. 

It will be noticed that we can only use P universally in 
the conclusion when that conclusion is negative, for P is 
always its predicate, and the predicate of an affirmative 
proposition is always undistributed. In this case, there- 
fore, one of the premises must be negative (Rule YI). If 
that premise be the minor, then P must be the subject of 
the major premise, which must be an A proposition ; but 
if the negative premise be the major, P may always be its 
predicate, though it can be its subject only when it is 
universal. In every other case, if P is distributed in the 
conclusion, we have Illicit Process of the Major. For 
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example, if ive argue from ‘ All fishes are oviparous,’ aud 
‘ No birds are fishes,’ to ‘ No birds are oviparous,’ our in- 
ference is invalid. In this case, as in most such cases, the 
conclusion is also false in fact. But even were it true in 
fact it would not be a valid inference from the premises ; 
its truth would not be a result of their truth, but would 
be an accidental coincidence and known only tlu’ough some 
other source. For instance, ‘ All fishes are cold-blooded, 
No whales are fishes, therefore No whales are cold-blooded ’ 
is exactly as invalid an inference as the one just considered, 
though the proposition given as its ‘ conclusion ’ is ob- 
jectively true. For there is nothing in the premises to 
deny to whales the attribute ‘cold-blooded,’ as will be 
seen by substituting the word ‘ snakes ’ for ‘ whales,’ when 
the ‘ conclusion ’ becomes false in fact. Thus, no conclu- 
sion is justified in which any term is distributed which is 
xmdistributed in the premise in which it occurs. The 
violation of this rule maybe compared with the simple 
conversion of an A proposition, a process which has been 
already shown to be illicit.* 

Enle V. — From two negative premises no conclusion can 
be drawn; for, from mere negation of relation no state- 
ment of relation can be deduced. It is only when one of 
the extremes is connected with the middle term, that we 
can, through that connexion, infer its agreement with, or 
separation from, the other extreme. For, if both S and P 
are declared to be separated from M, there is, clearly, no 
bond of union to connect them with each other. They may, 
or may not, be related in fact ; but whatever relation they 
hold, it is impossible to infer it from the negation of rela- 
tion with the common element which is contained in the 
premises. Compare, for instance, the pairs of negative 
propositions : ‘ No cows are carnivorous — No sheep are 
carnivorous ’ ; ‘ No men are immortal — No negroes are 
immortal.’ In the first case the minor term is, in fact, 
wholly excluded from, and, in the second case, wholly in- 
cluded in, the major term ; but neither the exclusion nor 
the inclusion can be deduced from the premises, which 

* See pp. 146- 14G. 
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simply separate botli the classes represented by the major 
and minor terms from the common attribute expressed by 
the middle term ; and premises identical in form must, 
if they give any conclusion, always give one of the same ^ 
form. 

That from two negative premises no conclusion can be 
derived has been questioned. For example Jevons wrote : 

“ The old rule informed us that from two negative 
premises no conclusion could be drawn, but it is a fact that 
the rule in this bare form does not hold universally true ; 
and I am not aware that any precise explanation has been 
given of the conditions under which it is or is not impera- 
tive. Consider the following example — 

“ Whatever is not metallic is not capable of powerful 
magnetic influence ; 

" Carbon is not metallic ; 

“ .’. Carbon is not capable of powerful magnetic influence. 

“ Here we have two distinctly negative premises, and yet 
they yield a perfectly valid negative conclusion. The 
syllogistic rule is actually falsified in its bare and general 
statement.”* 

Expressed symbolically ibis ai’gument is 

No non-M is P 
S is not M 
.•. S is not P ; 

where we have, apparently, four terms, S, P, and non-M. 
But, if we examine the argument more closely, we shall see 
that what the minor pi'emise really asserts is that S is 
included in those things of which P is denied, i.e. the 
non-M’s. Hence, the middle term is really non-M, and it 
is this which is predicated affirmatively of S in the minor 
premise. We reduce the above argument, therefore, to a 
sjdlogism by obverting the minor premise, when we get 

Me ^ 

S a M 
S eP 

* Principles of Science, 2nd Ed., p. 63. 
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M-liicli is perfectly valid and in vliicli Rule V is observed, 
as tbe minor premise is aflirmalive. 

In tlio following example there is also an apparent infe- 
rence from two negatives — 

Jones is not over six feet tall ; 

Jones is not under six feet tall; 

Jones is six feel tall. 

But tbe inference is really from tbe implied disjunctive 
major. Everyone is either six feet, over six feet, or under six 
feet tall. The two premises given are really tbe minor, 
Jones is neither otcr nor under six feet. 

E,Tile VI. — ^If one premise is negative, tbe other must, 
by Rule Y, be affirmative. Hence, tbe two extrcines are' 
related to tbe middle term in opposite ways. Now, if two 
terms agree with each other, they must, necessarily, stand 
in tbe same relation to any third term. If, then, the rela- 
tions of S and P respectively to M are not tbe sapie, but 
contradictory, relations, S and P cannot agree with each 
other. TTe reach the same resuft in a shghtfy diiTerent 
way by considering that, in so far as anything agrees with 
M, it must be separated from everything from wbigb M is 
separated. If, then, one premise declares tbe agreement of 
one extreme with M, and tbe other premise asserts tbe 
incompatibility with M of tbe other extreme, those eictremes 
must be inferred to be incompatible with each other. 
Hence, a negative premise involves a negative conclusion. 

And tbe converse of this is also true. Tbe non-agree- 
ment of S and P with each other must follow from the fact 
that one agrees with, and tbe other is separated, wholly or 
in part, from M. For, if they both agreed with 4;, they 
would agree -with each other. Therefore, a negative con- 
clusion can only be inferred when one of the premises is 
negative. 

(iii) Corollaries from the Rules of the Syllogism. — 
Though the four rules of syllogistic inference (Rules TTT - 
VI) are not equally fundamental, yet all are so far inde- 
pendent that all are necessary for the immediate detection 
of invalidity in S3dlogistic inference ; and for this pm-pose 
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tliey are sufficient. There are, however, three corollaries 
from these rules which, though not absolutely requisite for 
the detection of syllogistic fallacy, are useful for that 
purpose. It was long customary to give the first two of 
these as independent rules of syllogism. They are — 

1 . From two particular premises nothing can he inferred. 

2. If one premise is particular the conclusion must he 

particular. 

3. From a particular major and a negativeminor nothing 

can he inferred. 

We will now show in detail how each of these can be 
deduced from the rules already given. 

Gor. 1. This may be established by an examination of 
each of the possible combinations of particular premises — 

In every valid syllogism the premises must contain one 
distributed term more than the conclusion. For if any 
term is distributed in the conclusion it must also be dis- 
tributed in the premise in which it occm-s, and, in addition 
to this, the middle term must be distributed once, at least, 
in the premises. From this it follows that no conclusion 
can be drawn from two particular premises. For, if they 
are both O propositions, by Rule V nothing can be in- 
ferred. If they are both I they contain no distributed 
term at all and, thus, break Rule lU. If one is I and the 
other is O then the conclusion must be negative (Rule 
VI), and, consequently, it distributes the major term. 
But I and O distribute only one term between them, 
and, therefore, cannot distribute both the major and the 
middle terms. Hence, nothing can be inferred, for to 
draw a conclusion would be to break either Rule III or 
Rule IV. 

Gor. 2. That a particular premise necessitates a particu- 
lar conclusion may be thus proved — 

If both premises are affirmative and one particular, they 
can, between them, distribute only one term, which must 
be the middle term (Rule III). Hence, both the extreme 
terms are imdistributed in the premises, and, consequently, 



§ 3] RULES OF STMOGISSr. 231 

must be undistributed in tbo conclusion (Rule IV) — that 

is, the conclusion must be particular affirmative. 

If, however, in such a syllogism, one premise is negative, 
it distributes its predicate, and the premises, therefore, 
contain between them two, but only two, distributed terms. 
One of these must be the middle term (Rule TU). Hence, 
only one distributed tenn can enter the conclusion (Rule 
IV). But the conclusion must be negative (Rule ^H), and 

it, therefore, distributes the major term, wliich must, con- 
sequently, be the second distributed term in the premises 
(Rule IV). The minor term is, therefore, undistributed 
in the premises and must be undistributed in the conclu- 
sion — that is, the conclusion must be particular negative. 

As both premises cannot be negative (Rule V), these are 
the only possible cases. 

Cor. 3. That nothing can be infeired from a particular 
major and a negative minor may thus be proved — 

As both premises cannot be negative the major is affir- 
mative particular (I), and distributes neither of its terms. 
The major term, therefore, cannot be distributed in the 
conclusion (Rule IV). But, as one premise is negative, the 
conclusion must be negative. Therefore, the major term 
must be distributed in the conclusion. This contradiction 
shows that no valid inference can be made. 

4. Application of the Enles to Pure Hypothetical 
and Pure Disjunctive Syllogisms. 

(i) Pure Hypothetical Syllogisms. — Since hypothe- 
tical propositions admit of the same distinctions of quality 
and quantity as categorical propositions, there can be 
forms of pure hypothetical syllogisms corresponding to 
every form of categorical syllogism. Hence, all the rules 
given above apply to pmre hypothetical syllogisms. The 
denotative, or conditional, forms bear a closer analogy to 
the ordinary quantified forms of the categorical syllogism 
than do the pure abstract hypothetical forms, and the 
application of the ndes is more clearly seen when those 
quantified forms are considered. The ‘ terms ’ here are, 
however, propositions — the consequent of the conclusion 
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corresponding to tlie major term of a categorical syllogism, 
the antecedent of the conclusion to the minor term, and 
the element -which appears only in the premises to the 
middle term. 

In considering the distribution of these ‘ terms ’ it must 
be remembered that, as ‘ always,’ ‘ never,’ ‘ sometimes,’ 
‘ sometimes not,’ in conditional propositions correspond 
to ‘ all,’ ‘ no,’ ‘ some,’ ‘ some not,’ in categorical proposi- 
tions, these words indicate the quantity of the antecedent. 
The quantity of the consequent must be determined by 
the same rule which decides the quantity of the predicate 
of a categorical proposition. That is to say, the conse- 
quent of a negative conditional proposition is distributed, 
and that of an affirmative conditional is undistributed. 
For example. If any S is M then always that S is P does 
not distribute the proposition that S is P ; for it neither 
states nor implies that the only possible condition of S 
being P is that it should be M — ^it is quite possible that 
5 is P under many other conditions, as when it is N or 
Q or X. In short, the distribution of the ‘ terms ’ in a 
pure hypothetical syllogism must not be determined by a 
reference to those terms by themselves and out of con- 
nexion with their context, any more than in a categorical 
syllogism. 

(ii) Pure Disjunctive Syllogisms. — Since disjtmctive 
propositions are all afiirmative, the syllogistic rules (V and 
VI) relating to quality do not apply. The rule for secur- 
ing the distribution of the middle "term (HI) can only be 
fulfilled when one of the alternatives in the minor premise 
is the negative of one of those in the major premise. 
This will be more fully considered in the next chapter.^ 

* See p. 249 
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FiaUEE AKD MOOD. 

1. Distinctions of Pignre. 

Fignre is the form of a syllogism ns determined hy 
the position of the middle term in the two premises. 

If account bo taken of the premises alone, so that it is 
immaterial which of the extreme terms is the subject, and 
which the predicate, of the conclusion, only three figures 
are possible. For M must either be tl) subject in one pre- 
mise and predicate in the other, (2) predicate in both, or 
(3) subject in both. If, however, it is determined which 
term shall be the subject, and which the predicate, of the 
conclusion, the distinction of major and minor is intro- 
duced into the premises. The first alternative now becomes 
two-fold, according as M is subject in the major and pre- 
dicate in the minor premise, or predicate in the major and 
subject in the minor. 

There are thus four possible Figures of syllogism — 

'First Figure : M is subject in major, and predicate in 
minor, premise. 

Second Figure; M is predicate in each premise. 

Third Figure : M is subject in each premise. 

Fourth Figure ; M is predicate in major, and subject 
in minor, premise. 

The empty forms of syllogisms arranged in Figures, and 
with the premises written in the usual order of major first, 
are, therefore — 

Fig. I. Fig. II. Fig. III. Fig. IV. 


M— 

—P 

P— 

-M 

M— 

-P 

P M 

S— 

—M 

S— 

—M 

M- 

—S 

M S 

S— 

—P 

.-.s- 

—P 

S— 

—P 

.-.s P 
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It sliould be noted that the distinction between the First 
and Fourth Figures in no way depends upon the order 
in which the premises are written, but upon the distinc- 
tion between major and minor premise, which is due to 
the predetermined order of the terms in the conclusion. 

Only the first three Figui-es were recognised by Aristotle. 
The Fourth was added by the Scholastic Logicians for the 
sake of formal symmetry and completeness. It is, how- 
ever, an artificial arrangement of terms, and arguments 
forced into it are usually more naturally expressed in one 
of the other figui-es, as will be seen in nearly every actual 
case by converting whichever of the premises admits of 
the simple form of that process. Of course, as absolute 
a formal validity can be secured in the Fourth as in any 
other Figure. 

2. Special Rules of the Poiu’ Pigures. — The arrange- 
ment of terms in the premises of each Figure necessitates 
the imposition of certain limitations of quality and quan- 
tity. We thus get special derivative rules for each Figure. 

(i) In the First Figure, if one premise is negative it 
must be the major in order to secure that P is distributed ; 
therefore the minor premise is always affirmative. This 
necessitates that M be distributed in the major premise 
which must therefore be universal. So the special rules 
are — 

1. The minor premise nnost be affirmative, 

2. The major premise must be universal. 

(ii) In the Second Figure, distributed middle can be 
secured only if one of the premises is negative. This im- 
plies the distribution of P in the consequent negative con- 
clusion; therefore the major premise must distribute P. 
So the special rules are — 

1. One premise must be negative. 

2. The major premise must be universal. 

(iii) In the Third Figure, as P occupies the same position 
as in the First Figure, the same reason necessitates that 
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the minor premise be affirmative. Consequently it does 
not distribute its predicate S. So the special rules are — 

1. The minor premise mvet he affirmative. 

2. The conclusion must he particular. 

(iv) In the Fourth Figure, the distribution of M can bo 
secured either by a negative major premise or by a uni- 
versal minor premise ; and that of P by a universal major 
premise. Consequently no definite limitation in quality of 
either premise exists, and the special rules are conditioned 
by the possibilities of quality in the premises. 

If the ari-angement of terms bo examined it will appear 
that when there is a negative premise, and consequently a 
negative conclusion, the major premise must bo universal 
so as to secure the distribution of P ; that when the major 
premise is affirmative the minor premise must be universal 
so as to distribute hf; that when the minor premise is 
affirmative it does not distribute i9. So the special rules 
are — 

1. 1/ either premise is negative the major gnemise must 

he universal. 

2. If the major premise is affirmative the minor pre- 

mise must he universal. 

3. If the minor premise is affirmative the conehtsion 

must be particular. 

3. Detennination of Valid Moods. — Mood is the 
form of a syllogism as determined by the quality 
and quantity of the three constituent propositions, 
e.g. AAA, EAE, AOO are moods. 

As all moods are not valid in every figure, a sj’Uogism 
is only described fully when both its Figure and its Mood 
are given. There thus arises a more specific use of the 
term ‘ mood of a syllogism ’ in which the same general 
mood — e.g. EAE — ^is regarded as including specifically 
different moods in the different Figures. This is the more 
convenient use of the term ‘ mood ’ and one sanctioned by 
custom. 

"We will now see how many such moods are justified by 
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tbe general laws of tlie syllogism. Tlie simplest way of 
doing this is to ask what moods wiU give as formal valid 
conclusion each of the four forms of categorical proposi- 
tion, A, E, I, O. 

(a) To prove A . — Both premises must he affirmative 
(Eule VI) ; and, consequently, they distribute only their 
subjects. As the conclusion is universal, S must be dis- 
tributed in the minor premise. This leaves M to he 
distributed in the major premise. Consequently only one 
syllogism of the general mood A A A is possible, and that 
is in the First Figui-e — 

M aP 
SaM 

’.S a, P 

(b) To prove E. — One premise must be negative (Eule 
VI) and one affirmative (Eule V). These premises must 
distribute between them all the three terms S, P, M (Eules 
m, IV), One premise must, therefore, be E, and in 
this the order of the terms is immaterial. The other must 
be A and must distribute the extreme term — S or P — 
which occurs in it. There are thus four specific moods 
according to whether the major or minor premise is 
affinnative and to the order of terms in the negative 
premise — 

(1) (2) (3) (4) 

MeP PeM PaM P a M 

SaM SaM S e M M e S 

.-. S e P .-.S e P .\S e P .\S e P 

Of these (1) and (2) are specific forms of the general 
mood E A E in Figui'es I and II ; (3) and (4) are specific 
forms of A E E in Figui'es II and IV. 

(c) To prove I. — Both premises must be affirmative 
(Eule VI). As neither S nor P is distributed in the 
conclusion, M is the only term which must be distributed 
in the premises, though P may be distributed, or M dis- 
tributed twice, without making it possible to draw another 
conclusion, hi, however, S were distributed in the minor 
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premise, tliougli tlie conclusion S i P vrouM be valid it 
would be inadequate, as we could then deduce S a P. Wo 
may have, then, any combination of aflii'mative premises 
which secure the distribution of M and mahe that of S 
impossible. We thus get — 

(1) (2) (3) (4) (5) (6) 

M a P M a P M i P P i M M a P P aM 

S i M M i S M a S M a S M aS M a S 

.-.Si P .-.SiP S i P S i P .-.S i P .-.SiP 

Of these (1) and (2) are in the general mood All in 
Figures I and III; (3) and (4) in I AX in Figures III 
and IV ; (5) and (6) in A A 1 in Figures III and lY. 

(d) To prove O . — One premise must be negative (Eule 
VT) and one affirmative (Rule V). The distribution of M 
and P must be secured in the premises (Rules lit and 
IV) and that of S avoided for the reason given under I. 
It is immaterial whether M is distributed once or twice. 

If the major premise is E, it secures in itself all the 
distribution required, no matter what the order of its 
terms: the minor premise may then be any affirmative 
proposition except S a M. If the major premise is O it 
must secure the distribution of P by having that term 
as its predicate ; then the minor premise must be a 5 
to secure the distribution of M. The minor premise 
cannot be E, as then it would distribute S. If it is O it 
must have M as its predicate to secure its distribution, 
for the affirmative major must distribute P, and, there- 
fore, be of the form P a M. We thus get — 


(1) 

(2) 

(3) 1 

(4) 

M e P 

P e M 

M eP 1 

PeM 

SiM 

S i M 

M i S 

M i S 

.-.SoP 

So P 

.'.Sop 

.'.SoP 

(5) 

(6) 

. (7) 

(8) 

M e P 

PeM ' 

M 0 P 

PaM 

M aS 

M a S 

M aS 

SoM 

.'.SoP 

.'.SoP 

.'. Sop 

1 r. SoP 
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Of tliese the first four are in the general mood £IO, 
one in each figure ; (5) and (6) in the general mood £ A O 
in Figures III and IV ; (7) is the only form of the mood 
O A O and is in Figure III ; (8) is the only form of A O O, 
and is in Figure II. 

Collecting otu' results it appears that : — 

A can be proved in only one mood, and only in 
Figure I. 

E can be proved in four moods, and in every Figure 
except the Third. 

I - can be proved in six moods, and in eveiy Figure 
except the Second. 

O can be proved in eight moods, and in every Figure. 

Thus O is seen to be proved in the greatest number of 
moods, and A in the smallest. But these propositions are 
contradictories, and the establishment of the one dis- 
proves the other. Hence, it is often said that A is the 
most difficult proposition to establish and the easiest to 
disprove. At the same time, it must be remembered that 
“ universal affi.rmative conclusions have the highest scientific 
value, because they advance our knowledge in a positive 
manner and admit of rehable application to the individual. 
The universal negatives come next ; they guarantee only a 
negative but a distinctly definite view. Then come the 
particular affirmatives, which promise a positive advance, 
but leave us helpless in the application to individual cases. 
Lastly, the particular negative conclusions are of the 
lowest value. Particular propositions, however, are by no 
means without scientific meaning. Their special seiwice is 
to ward off false generalisations. The universal negative 
or affirmative judgment, falsely held to be true, is proved 
not true by the particular affii’mative or negative conclusion, 
which is its contradictory opposite.”' 

4. The Mnemonic Lines. — We have found that there 
are nineteen valid specific' moods — ^four in Figure I, four 
in Figure II, six in Figure IH, and five in Figure IV. It 

' Ueberweg, Logic, Eng. trans., pp. 436-437. 
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hup long l>p(‘n cuploinary to dcsignuto ihcpo nioodp hy tho 
names ■which comj)oso the following mnemonic lines; each 
of ilicr-o names containing throe vowels, ami thus si>erifying 
a mood by indicating the qualify' and quantity of the con- 
stituent propositions by the usual symbols — A, E, I, O; 
thus Ccrarc denotes the mood E AE in Figure 11 — 

Barhtird, CCh'iroil, Dtiui, Frridque prioris; 

CrFur?, Ctijvrfirru. FcFi'ini), Bdrdrn, Fe<’nnd!0; 

Tertia, Ddrapli, iJtfumtF, DiitifT, Ftlajdon, 

Bucardo, Fcrlrdit, habet : quarta insuper addit 
Briimaviip. Cihiu-ncp, Dhiidri?, FiVdjie, Fr'ehnn. 

These mnemonics are given here for tho convenience of 
referring to the moods liy their ordinary names. They 
■will be more fully explained in the chapter on Keduction. 

5. Strengthened and Weakened Syllogisms. — In 
three of tho nineteen valid moods — vi?,. AAI in Figure 
IIIandEAOin Figures III and lY — the middle term 
is distributed twice, and in AAI in Figure lY tho dis- 
tribution of P in tho major premise is not demanded by 
the conclusion. Tlieso are therefore somctiinos called 
Slrc7i0icrtcd Syllogisms because in each a premise may 
bo reduced to its subaltern particular ■without affecting the 
conclusion. The matter is, however, of no importance. 

In discussing the moods which prove I and O we 
required that S should be undistributed in tho premises, 
on the gro\md that olherwiso tho conclusion would be 
weaker than the premises justify. There is, however, no 
fallacy in proving less than is warranted by the evidence. 
If, then, in these moods we strengthen the S i M into S a M 
and the S o M into S e M and still conclude only to Si P 
and S 0 P, m every case we draw a particular conclusion 
when the premises justify a universal. These conclusions 
are the subalterns of the legitimate A or E which the 
premises justify. So these quite worthless and rather 
mi.sleading forms— AAI in Figure I, EAO in Figures 
I, n, and A E O in Figures H and lY — are called Suhal- 
tern Moods and the syllogisms are said to be Weal:ened. 
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6. We will now give some examples of valid moods in 
each figure. 

(i) Barbara. — This is the most important of all the 
forms of syllogistic inference, and the one most frequently 
employed — though often elliptically — not only in aU 
branches of sciences but in common life ; for to establish a 
universal connexion between subject and attribute is the 
constant effort of thought, and object of research. Its 
schema is 

MaP 

SaM 

.’.S a P 

In Physics the syllogistic form of thought is the only, 
one by which particular phenomena can be explained ; and 
Barbara is the most important mood. From the general 
law of the radiation of heat — ^that, unless some medium 
intervenes, a waim body radiates part of its heat through 
the atmosphere to a colder body surrounding it — we infer 
that, as the surface of the earth on a clear night is a warm 
body under those conditions, it wiU thus become cooled. 

The application of Law is equally syllogistic. The 
whole aim of legal procedure is to determine whether or 
not a particular case does, or does not, fall imder a certain 
general rule, and, if it does, what are the resultant conse- 
quences. Thus, in a criminal trial, the law which has been 
violated furnishes the major premise, the conclusion di'awn 
from an examination of the acts of the accused person 
supplies the minor premise ; the verdict of ‘ Gruilty ’ or 
‘ Not Guilty ’ gives the conclusion from those premises ; a 
conclusion to which the sentence of the judge gives 
practical effect. 

From such examples it stands out clearly that syllogistic 
reasoning is inevitable within its sphere, but that its pre- 
mises are abstract, in that they single out one relation 
from the very complex whole in which alone that relation 
is found. So its conclusion is true only within the same 
limitations : it is the whole truth only on the assumption 
that the premises are not only true but complete. 
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It is further evident that even when — as in law — we 
have the required major it is a task of no small difficulty 
in practice to determine whether the case before us is a 
real minor premise. Syllogism, indeed, is a convenient 
synthesis of work already done. Its function in the ex- 
tension of knowledge will be considered in the discussion 
of Induction. 

(ii) Celarent. — This is the typical mood in which it is 
proved that a certain subject does not possess certain attri- 
butes. As it is neither of so much importance, nor of so 
much interest, to prove what a thing is not as to show what 
it is, this mood is not so universally used as Barbara. Its 
schema is 

MeP 

SaM 

.\SeP 

As an example we may give : ' Duties on imports levied 
solely for the purposes of revenue are not protective ; all 
English import duties are of this class ; therefore, no 
English import duty is protective.’ 

(iii) Saroco. — The schema of this mood is 

PaM 

SoM 

:.SoP 

As an example of Baroco we may give : ‘ All truly moral 
acts are done from a right motive ; some acts which benefit 
others are not done from such a motive; therefore, some 
acts which benefit others are not timly moral.’ ’ 

(iv) Bocardo. — The schema of this mood is 

MoP 

MaS 

:,SoP 

A good example is given by TJeberweg : “ Some persons 
1 Aristotle, Ethics, HI., 4. 


I. L. 


16 
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accused of witclicraff have not believed themselves to be 
free from the guilt laid to their charge ; all those accused 
of witchcraft were accused of a merely feigned ciime : 
hence some who were accused of a merely feigned ciime 
have not believed themselves free from the guilt laid to 
their charge.”^ 

(v) Bramantip. — The schema of this mood is 

PaM 

JUS 

/.SiP 

Yery few arguments fall naturally into the Fourth 
Figure. The following is an example of Bramantip. 
From the premises ‘All moderate physical exercise is 
beneficial to health ; everything beneficial to health is 
inculcated by the Moral Code/ we may, if our attention is 
concentrated on moral precepts, most naturally conclude 
that ‘Among the commands of the Moral Code is one 
which insists on moderate physical exercise.’ 

7. The Representation of Syllogisms by Diagrams. 
— The main purpose of applying diagrams to the repre- 
sentation of syllogisms is to make immediately obvious 
to the eye, by means of geometrical figures, the relation 
established between the extreme terms by the premises, 
and, thus, to render easier the apprehension of the con- 
clusion. 

This purpose is very imperfectly fulfilled by the circles 
of Euler. The fundamental objections to the apphcation 
of these diagrams to the fom-fold scheme of propositions 
have been already stated.* As every proposition — except 
B — requires a plm’ality of diagrams for its complete repre- 
sentation, it is evident that the combination of the two 
premises of a syllogism can only be fully set forth by a 
series of diagrams, which must, by its very complexity, 
go far to prevent that obviousness which is an essential 
feature of any diagrams which are to be an aid, and 


Logic, Eng. trans., pp. 425-426. 


2 See pp. 118-119. 
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not a liiudraiice, in apprehending the result of an ar- 
gument. Tahe, for example, the representation of Bar- 
hara. Each premise requires two diagrams to express it ; 
thus — 



5a W 




To represent the conclusion, we must combine each of 
the diagrams which express the major premise with each 
of ihoce setting forth the minor premise. Tiiis gives a 
com’oination of four diagi'ams, and unless they are all con- 
sidered, we cannot be sure that the result given by those 
we have examined will not be inconsistent with that yielded 
by those we have omitted. Thus — 


(i) nnd (a) give 


SMF 
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To draw tlie conclusion we must seek out tke relation of 
S and P, and in this respect the last three of the diagrams 
coincide — S in each is contained, in P hut does not ediaust 
it. We then compare this result with the first diagram, 
and we find that in every case it is true to say that Every 
S is P. 

Similarly, if we combine E and A propositions as 
premises, we require two diagi’ams to represent the syllo- 
gism, for A can only be fully expressed by using the two 
diagrams given above, and E by diagram V. on p. 117. 
There are, therefore, two combinations, and these, more- 
over, will be lettered and interpreted differently accord- 
ing as the A proposition is the major or the minor 
premise. 

If we take a syllogism involving a particular premise, 
the representation becomes still more complex. To take 
Festino, for instance, the major premise requires only one 
diagram, but for the minor four are needed — 



PtM 




Tlie combinah'on of major and minor in'orerj' possible 
■way jnelds no less tlian eight diagrams — 


(i) and (a) give 


(i) and (5) give 



(i) and (c) give 
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From tliis group of figures, we have, by disregarding M, 
to find tbe relation of S and P. On examination we find 
that (1), (2), (3), (6) express tbe relation of entire mutual 
exclusion between S and P ; that (4) and (7) represent tbe 
partial coincidence and partial exclusion of those terms, and 
(5) and (8) give tbe case in wbicb P is entirely included 
in, but does not form tbe whole of, S. We reach, then, 
tbe three diagrams wbicb express tbe proposition S o P. 

It will be obvious from tbe above examples that to 
represent thus tbe different moods of tbe syllogism scarcely 
makes tbe reasoning more immediately self-evident. In- 
deed, tbe chief value of this system of diagrams is tbe 
negative one of showing what premises will not yield a 
valid conclusion ; when the diagrams are compatible with 
every possible relation between S and P — as in tbe case of 
two negative premises — we know that no conclusion can 
be drawn. 
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8. Pure Hypothetical Syllogisms. — As hypothetical 
propositions have the same distinctions of quality and 
quantity as categorical propositions, it follows that they 
can be combined into syllogisms in exactly the same 
number of ways. There can, therefore, be forms of pure 
hj-pothetical syllogism corresponding to every figure and 
mood of categorical syllogism, and governed by the same 
rules. But, as the imiversal hypothetical propositions are 
the only ones of much importance, it follows that the 
important pure hypothetical syllogisms are those com- 
posed of such propositions; and of these, those wliich 
cori'espond in form to Barbara are the most useful, and 
the most frequently employed. 

Moreover, as the whole force of syllogistic inference 
consists in the necessity with which the conclusion follows 
from the premises, and as this necessity is not affected 
by the hypothetical or categorical foim in which those 
premises are expressed, it foUoAvs that such hypothetical 
premises can always be reduced to the categorical form 
without affecting the validity of the inference. This re- 
duction is most conveniently made when the quantified — 
or conditional — ^forms of the hypothetical are employed, 
as they correspond most closely with the quantified form 
in which the propositions composing a categorical syllo- 
gism are usually written. Of course, when this is done, 
though the inference is equally necessary, the abstract 
and necessary character of the conclusion is more or less 
hidden. 

It will be sufficient to give an example of a pure hypo- 
thetical syllogism in each figure expressing each of our 
propositions in the quantified denotative form. 

Pigure I. Corresponding to Barbara we have the form 

If any S is X, that S is P, 

If any S is M, that S is X, 

If any S is M, that S is P. 

As a material example may be given : ‘ If any person is 
selfish, he is unhappy ; if any child is spoilt, that child is 
selfish; therefore, if any child is spoilt, he is unhappy.’ 
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Figure II. Corresponding to Cesar e is the foim 

If any S is P, then never is it X, 

If any S is M, then always it is X, 

If any S is M, then never is it P. 

An example is : ‘If any act is done from a sense of duty, 
it is never formally ■wrong ; if any act is done from purely 
selfish motives, it is always formally 'wi'ong ; therefore, if 
any act is done from purely selfish motives, it is not done 
from a sense of duty,’ 

Figure III. Coiresponding to Bocardo is the fonn 

If an S is X, then sometimes it is not P, 

If any S is X, then always it is M, 

If an S is M, then sometimes it is not P. 

We may give as an example: ‘ If a war is just, it is some- 
times not successful ; if any war is just, it is always waged 
in defence of some right ; therefore, if a war is waged in 
defence of some right, it is sometimes not successful.’ 
Here it is evident nothing is lost by ti'ansferring the 
syllogism to the categorical form, and saying : ‘ Some just 
wars are not successful; all just wars are waged in defence 
of some right ; therefore, some wars waged in defence of a 
right are not successful.’ This has exactly the same force 
as the conditional form, for the latter does not imply that 
the want of success is a necessary consequence of the 
character of the war. But, in the examples with universal 
conclusions, it is evident there is such a dependence of 
consequent upon an-tecedent, which is lost if the syllogism 
be transferred to the categorical form. 

Figure IV. Corresponding to Bimaris is the form 

If an S is P, it is sometimes X, 

If any S is X, it is always M, 

If an S is M, it is sometimes P. 

This may be illustrated by : ‘If the currency of a co'untry 
consists of inconvertible bank notes, it is sometimes depre- 
ciated; if the currency of any country is depreciated, it 
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causes an artificial inflation of prices ; therefore, if the 
currency of a country causes an artificial inflation of prices, 
it sometimes consists of inconvertible bank notes.’ Here, 
again, it is evident that the antecedent does not state the 
necessary ground or reason for the consequent, and nothing 
is lost by reducing the whole argument to the categorical 
form. 

9. Pure Disjunctive Syllogisms. — The possibility of 
syllogisms consisting entirely of disjunctive propositions 
has not usually been considered by logicians. Indeed, it is 
only with certain limitations that such syllogisms are pos- 
sible at all. They can, to begin with, only be syllogisms 
with an affirmative conclusion, as no disjunctive proposition 
can be negative. Only the affirmative moods are, therefore, 
possible, and, of these, that corresponding to Barbara is 
the only one of any importance. Further, we only secure 
a middle term when one of the alternatives in the minor 
premise negatives one of those in the maj or premise. From 

5 is either P or Q 
S is either P or R 

no conclusion can be drawn, except that S is either p or Q 
or R, which simply sums up the premises. But from 

S is either P or Q 
S is either P or R 

vre can draw the conclusion S is either Q or R. This will, 
perhaps, be more clearly seen if each premise is expressed 
as a hypothetical proposition. We can write the premises 
in the form 

If S is ^it is Q_ 

If S is R it is P 

whence it follows that If S is R it is Q, which expresses 
the disjunctive S is either Q or R. Such syllogitos are, 
however, of infrequent occurrence. As the order of the 
alternatives is indifferent it will be seen that the distinctions 
of figure have here no proper application. 
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1. Function of Reduction. — Reduction is th.e pro- 
cess by wbicb. a given syllogistic argument is ex- 
pressed in some other Figure or Mood. 

Reduction is generally confined to expressing in the 
First Figure arguments given in the other Figures, and 
thougli the process can be applied "with equal ease to 
changing reasonings from an}-' one figure to any other 
which contains the required conclusion, and even Irom 
one mood to another in the same figure, these processes 
are of no utility and need not be considered. 

Nor is reduction to Figure I necessary to establish the 
validity of a syllogism expressed in another figure. As has 
been seen the figure of a syllogism is due to the nature of 
the propositions wliich form its premises, so that some 
arguments fall most natru’ally into figures other than the 
First, and to reduce them to that form is to substitute an 
awkward and unnatural expression for a simple and 
natm'al one. The validity of such arguments is as im- 
mediately obvious as is that of the moods of the Fust 
Figm-e, and, consequently. Reduction is unnecessary in 
order to prove validity. 

It does not follow that Reduction has no legitimate 
place in syllogistic theory. It is time that the reasoning 
does not become more cogent by being reduced to the First 
Figure, but its distinctive character is more immediately 
obvious in that figmo than in any other. Reduction thus 
makes evident the essential unity of all forms of syllogistic 
inference, and systematises the theory of syllogism by 
showing that all the various moods are, at bottom, expres- 
sions of but one principle. 
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2. Explanation of the IVIneinonic lines. — The 
primary intention of the mnemonic lines given in the last 
chapter is to indicate the processes by which syllogisms 
in figures other than the first can be reduced to that 
figure. Tliis is ingeniously done by means of the con- 
sonants employed. For convenience of reference we will 
here repeat the lines — 

Barbara, Celarent, Barii, Fenoque prioris : 

Cesar e, Gamiestres, Festino Baroco [or FaltsoTco], secundse: 
Tertia, Barapti, Bisamis, Batisi, Felapton, 

Bocardo [or BoTcsamoslc], Ferison, habet: Quarta insuper 
addit. 

Bramantip, Gamenes, Bimaris, Fesapo, Fresison. 

The two additional names, given in square brackets, 
refer to the direct process of reduction, while Baroco and 
Bocardo indicate the indirect process adopted by the 
scholastic logicians. 

Some writers replace the c in Baroco and Bocardo by h, 
but this letter is required for the two additional mnemonics 
for those moods, and cannot, therefore, be used in the older 
ones without confusion, as it would then denote two entirely 
different processes. 

The initial letters of the moods in the First Figure are 
the first four consonants. The same initial letters in the 
moods of the other figures indicate that the moods so 
named can be reduced to the mood in the First Figure 
which has the same initial. In the other figures — 

s denotes simple conversion of the preceding proposi- 
tion. 

p indicates that the preceding proposition is to be con- 
verted per accidens. 

m signifies metathesis, or transposition, of the premises. 
h denotes obversion of the preceding proposition. 

Ics indicates obversion followed by conversion — that 
is, contraposition — of the preceding proposition. 
sic signifies that the simple converse of the preceding 
proposition is to be obverted. 
c shows that the syllogism is to be reduced indirectly 
{conversio syllogismi, or change of the syllogism). 
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When one of these letters occurs in the middle of a 
word, one of the premises of the original syllogism is to 
undergo the process of eduction indicated. Now, when 
one of the changes indicated is the transposition of pre- 
mises, the position of the extreme terms is reversed, and 
the major term of the original syllogism becomes the minor 
tenn of the new. The conclusion must, therefore, he con- 
verted to bring it to the original form. 

Thus every word in which m occurs ends in s, p, or 
sic, and these letters indicate that the conclusion of the 
nexv syllogism is to be converted. It will be noticed 
that no other significant letter ends a word. The only 
meaningless letters are thus seen to be r, t, I, n, and 
h and d when they are not initial. Several attempts so 
to change the forms of the words as to omit meaningless 
letters, and to employ a distinctive letter for each mood 
have been made but none of them is likely to replace the 
traditional forms. 


3. Kinds of Reduction. — It was indicated in the last 
section that there are two kinds of Reduction — Direct and 
Indirect, the latter being usually restricted to the moods 
Baroco and Bocardo. 

(i) Direct or Ostensive Reduction. — Beduction is 
direct when the original conclusion is deduced from premises 
derived from th ose given. The original premises are changed 
by conversion, transposition, or obversion. 

(a) Conversion. 

(1) The moods Cesar e, Festino, Datisi, Ferison, and 
Fresison, are reduced to the First Figure by 
simply converting one, or both, of the premises. 
For example, Cesare (Fig. II) iDecomes Celarent 
in Figure I — 

PeM MeP 

S aM S aM 


.-.SeP 


.\SeP 
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and Fresison (Fig. lY) becomes Ferio (Fig. I) — 

PeM MeP 

MiS SiM 

.\SoP .-.SoP 

(2) The moods Darai^ti and Felapton are reduced by 

converting tbe minor premise per accidens. 
Thus Darapti (Fig. Ill) becomes JDarii 
(Fig. I)- 

MaP MaP 

MaS SiM 

.\SiP S i P 

(3) Fesapo (Fig. IV) is reduced to Fcj-io (Fig. I) by 

tbe simple conversion of its major, and the con- 
version per accidens of its minor premise — 

PeM MeP 

MaS SiM 

.'.SoP .'.SoP 

(6) Transposition of premises. This, as has been seen, 
involves conversion of the new conclusion. 

(1) The moods Bramantip, Camenes, and Dimaris, all 

in Figure IV, reduce to the First Figure by 
merely transposing the premises. Thus Bram- 
antip becomes Barbara — 

PaM ^ MaS 

M a S PaM 

••• S i P .'.PaS 

(by Conv.) g j P 

(2) Camestres and JDisamis are reduced to the First 

Mgure by transposing one premise with the 
simple converse of the other. Thus, Bisamis 
(Fig. IH) becomes Barii (Fig. I) — 

MiP MaS 

MaS PtM 

,'.SiP .'.PiS 

Cby «oiiT.) s i P 
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(c) Ohversion. 

(1) The mnemonic FaJtsoho indicates that Baroco 

(Fig. II) may be reduced to Ferio (Fig. I) by 
contrapositing the major premise and obrerting 
the minor. Thus — 

PaM n eP 

S 0 M S i M 

.'.S 0 P - S 0 P 

(2) Similarly Bohswmosk signifies that Bocardo (Fig. 

Ill) may be reduced to Barii (Fig. I) by 
contrapositing the major premise and making 
it the minor, and then obyerting the simple 
converse of the new conclusion. Thus — 

M aS ^ ^ P iM 

.-..SoP .-.PtS 

(by conv.) S iP 
(by obv.) SoP 

(ii) Indirect Reduction. — Reduction is indirect xohen 
a new syllogism is formed which establishes the validity of 
the original conchosion by showing the illegitimacy of its 
contradictory. This method is also called Reductio fer 
impossibile or Redihctio ad cibsurdum. It can be applied 
to any mood, though in practice it is usually confined to 
Baroco and Bocardo ; and this application is the only one 
contemplated in the original mnemonics. The method is 
founded on the Principle of Contradiction. When a con- 
clusion is legitimately deduced from two given premises, it 
is formally true ; when it is not so deduced from them, it 
is foi-mally false. In judging of the validity of an in- 
ference, this formal truth, or self-consistency, is all we are 
concerned with. How, if the conclusion is formally false, 
its contradictory must be formally true. If this contra- 
dictory is combined with one of the original premises, a 
new syllogism is formed whose conclusion will either be 
identical with, or will contradict, the remaining original 
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premise. If it contradicts it, it proves that the coiitradic- 
toiy of the original conclusion was formally false, thp,t is, 
that conclusion was formally true. Thus the validity of 
the original syllogism is established. 

For example, Baroco is proved valid by a syllogism in 
Barbara. For if the conclusion, S o P, is formally false, 
then its contradictory, S a P, is formally true, that is, is an 
inference from the two premises P a M, S o M. Eeplacing 
the premise followed by c by this contradictory of the 
original conclusion, we get the following syllogism in Bar- 
bara, with P for its middle term — 

PaM PaM 



Thus, if 5 a P is formally true so is 5 a M. But S a M 
contradicts S o M which is one of the original premises, 
and is, thereiore, iormaXly false. 'Sence, S a P "■‘'s 
formally false; that is, the original conclusion, 5 o is 
formally tnie, and Baroco is a valid mood. 

Similarly with Bocardo. If the conclusion, 5 o is 
formally false, its contradictory, S a P, is formally true. 
Eeplacing the premise followed by c by this proposition, 
we get a syllogism in Barbara, with S for its middle 
term — 



But Af a P contradicts the original major premise Af o P. 
Therefore, M a P is formally false, and this entails the 
formal falsity oi. S a P. Therefore, the original conclu- 
sion, S 0 P, is formally true, and Bocardo is a valid mood. 

This process, though formaEy cumbrous, and, therefore, 
inferior for purposes of logical theory to the direct reduc- 
tion by obversion, is a very effective weapon in controversy 
and is perhaps one of those most commonly employed. 
Euclid, as we all know, used it frequently as a method of 
proof. 
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4. Red-action of Pare Hypothetical Syllogisms. — 

The validity of the reduction of any syllogism depends 
upon the legitimacy of the processes of immediate in- 
ference involved. With hypothetical propositions all 
these processes are valid, consequently pure hypothetical 
syllogisms can he reduced in exactly the same Tva,y as 
categorical syllogisms. For example, the p-ure hypo- 
thetical syllogism corresponding to Gesare (Mg. II)* is 
reduced to the fonn in Figure I agreeing with Gelarent, 
by simply converting the major premise, so that we get — 

(conv. of orig. major) Jf any S is X, then never is it P, 

If any S is M, then always it is X, 

• ‘.If any S is M, then never is it P. 

The form corresponding to Bocardo (Fig. IH)* is directly 
reduced to that agreeing with Darii by contrapositing the 
major premise and transposing the premises. The new 
conclusion has then to be converted, and the converse 
obverted. We thus' get — 

(orig. minor) If any S is__X, then always it is M, 
(contrap. of orig. major) If an S is P, then sometimes it is X, 

If an S is P, then sometimes it is 1 ^ ; 
(by conv.) If an S is M, then sometimes it is P, 

. • . (by obv. ) If an Sis M, then sometimes it is not P. 


* See p. 248. 


- See p.24S. 
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MIXED SYLLOGISMS. 

1. Mixed H 3 rpotlietical Syllogisms. — Wlien ouo of 
the premises of a syllogism is a hypothetical nud tho other 
a categorical proposition, tho former is called tho major, 
as it furnishes the ground of the inference ; -while the latter 
is the minor, as it states a case in -wliich the major is ap- 
plicable. The inference conforms to the same principles 
whether the major premise is stated in tho fundamental 
abstract connotative or in the derived concrete cnumerative 
form, which we have called conditional. * But in the latter 
case tho fundamental character of syllogistic inference — the 
application oi a general principle to a special case — ^is 
perhaps more plainly seen than in tho fonner. For, when 
the major premise is a conditional proposition, it lays 
down, in so many words, a "general dependence of one 
phenomenon upon another, though it makes no assertion 
as to whether or not either of these phenomena occurs in 
any special instance. The categorical minor affinns, or 
denies, the occurrence of one of these phenomena in some 
special case, and thus enables us, by applying the general 
rrde given in the major, to conclude as to the occurrence, or 
-non-occurrence, of the other phenomenon in that same case. 
When, however, the major premise is stated in the abstract 
hypothetical form making explicit the ground for the con- 
nexion of content — If S is M it is P — then the application 
to reality is not made through some particular instance of 
S, but must be mediated by the ascertained nature of S 
itself ; in other words the minor premise must be the 
generic judgment S is M, and the conclusion is the generic 
judgment S is P. 

* See p. 107. 

I. L. 257 
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(i) Basis of Mixed Syllogistic Reasoning from a 
hypothetical major premise. — ^As the inference in these 
syllogisms is as purely formal as when both the premises 
are categorical, it must ultimately rest on the fundamental 
principles of thought, * There is a verj'- distinct reference - 
to the Principle of Sufficient Reason, which ma}'- indeed be 
regarded as the specific axiom of such syllogisms. This 
principle of thought and necessary postulate of knowledge 
compels us to grant the conclusion which follows from any 
data we have accepted. Applied to syllogisms ivith a hypo- 
thetical major premise this means that, if in the minor 
we assert the antecedent of the major to be true in fact, we 
must accept, as a conclusion, the truth of the consequent. 
But a stricter examination shows that this is an appheation 
of the Principle of Identity. On the other hand, if, in the 
minor, we deny the consequent of the major, we must, in 
the conclusion, reject the antecedent. For, by the Prin- 
ciple of Excluded Middle, the antecedent must be either 
true or false, and, if it were time, the consequent would be 
true; and by the Principle of Contradiction, neither the 
antecedent nor the consequent can be both true and false ; 
therefore, the denial of the consequent necessitates that of 
the antecedent. 

(ii) Determination of Valid Moods. — It is thus seen 
that the assertion of the truth of the antecedent of a hypo- 
thetical proposition justifies the assertion of the truth of 
the consequent, and the denial of the consequent necessi- 
tates the denial of the antecedent. But the same conse- 
quent may result from more than one antecedent; and, 
therefore, the denial of the given antecedent will not justify 
the denial of the consequent, nor Avill the assertion of the 
consequent warrant that of the given antecedent. Eor 
example, though if a man is shot through the heart he 
dies, yet men also die from other causes. The denial that 
he is shot through the heart will not, therefore, warrant the 
denial of his death; nor will the assertion of his death 
necessitate the statement that it was due to this particular 
cause. We may express symbolically the various ante- 


1 See Ch. Jl. 
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ccileuts ivhich lead to the same consequent, using the most 
general formula of the hypothetical proposition, as in this 
respect it does not matter ivhether the consequent has the 
same subject as the antecedent or not — 

1/ A, then C. 
if X, {hen C. 
ifY, {hen C. 

1/ Z, {hen C. 

Here, it is evident that if ive deny A, we still leave open 
several possibilities of the occurrence of C, for either X, T, 
or Z, may be true ; .gud if we assert C, though we, thereby, 
assert one of its possible antecedents, we cannot tell which 
one ; nor have we, indeed, in cither case, any security that 
all the possible antecedents of C are known to us. If, in- 
deed, A is the only possible antecedent of C, its denial 
is a material justification for the rejection of C, and 
the affinnation of C is a material warranty for that of A. 
But these material conditions do not hold in all cases, and 
we are not, therefore, justified in assuming them in any ; 
in formal inference we can deal only with that which holds 
universally. 

Now, as C may foUow from several other antecedents 
besides A, it corresponds to an undistributed term. If, 
however, the denial of C were deduced from the denial of 
A, C would be used universally in the conclusion. Again, 
when C is affirmed, it is affirmed in one case only out of 
several possible ones ; to posit A as a result of such affir- 
mation of C would be to disregard this. Thus, the fallacy 
of denying the antecedent is analogous to an illicit process 
of the major term, and that of affirming the consequent 
bears a similar resemblance to an undistidbuted middle. 
In each, the unwarranted assumption is made, that the 
major premise embraces every case in which the consequent 
can be true. 

There are thus two, and only two, valid processes of 
formal syllogistic inference from a hypothetical' major 
premise. They are covered by the canon : 

To affirm the antecedent is to affirm the consequent ; to 
deny the consequent is to deny the antecedent. 
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In tlie former case tlie syllogism is said to be Construc- 
tive, or in tbe Modus Ponens ; in the latter case, Destructive, 
or- in the Modus Tollens. 

When, in such a syllogism, the major premise is a 
negative hypothetical, it is more convenient, and equally 
natural, to regard the negation as belonging to the conse- 
quent. The major may, then, take any one of four forms, 
as both the antecedent and the consequent may be either 
affirmative or negative. There can, therefore, be four 
forms both of the Modus Ponens and of the Modus Tollens. 
But it must be remembered that these names have no 
reference to the quality either of the minor premise or of 
the conclusion, but simply to "whether the minor enables 
us, in the conclusion, to affii'm the consequent, or to deny 
the antecedent, of the major, whatever that antecedent or 
consequent may be. To each of these varieties of the two 
moods separate names are given by German logicians. 
These names, however, are based on the quality of the 
minor premise and the conclusion — ponens marking affir- 
mative, and tollens negative, quality — and thus the same 
name may denote either a Modiis Ponens or a Modus 
Tollens. Still using the one general formula to denote all 
forms of hypothetical propositions, these varieties of the 
two moods are thus expressed symbolically — 

(J.) Modus Ponens. 

(1) Modus ponendo ponens. 

If A tJieii C, 

A. 

.-. C. 

(2) Modus ponendo tollens. 

If A, then not C, 

A, 

.-. Hot C. 

(3) Modus tollendo ponens. 

If not A, then C, 

Hot A, 
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(4) ]\[o(hts iollcndo toUciis. 

If not A, then not C, 

Uot A. 

ITot C. 

(B) Modus Tollens. 

(1) iFochts iollcndo iollens. 

If A, ihoi C, 

' ITot C, 

Wot A. 

(2) Modus ]}oncndo iollens. 

If A, ilicn not C, 

C, 

Wot A. 

(3) ^fodvs iollcndo jyonens. 

If not A, ilicn C, 

Wot C, 

A. 

(4) Modus ponendo ponens. 

If not A, ilicn not C, 

C, 

A. 

Tlie identity of the names of the subordinate moods 
points out that the Modus Ponens and the Modus Tollens 
are, at bottom, identical. On comparing the majors of the 
moods Yiith the same name it is seen that they are the 
obverted contrapositives of eacli other, "with the antecedent 
and consequent transposed. It follows that, if we obvert 
the contrapositive of the major of any form of the Modus 
Ponens, we shall get the corresponding form of the Modus 
Tollens ; and that the latter .can be similarly reduced to the 
former. For example, if we take the modus ponendo ponens 
of the Modus Ponens 

If A, ihen C, 

A, 

/. C, 
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and obvert the contrapositive of its major, 'sve get 

If not C, then not A, 

A, 

/. C, 

which is the modus ponendo ponens of the Modus Tollens. 
Similarly, if we take the modus ponendo tollens of the Modus 
Tollens, 

If A, then not C, 

C, 

Hot A, 

by obverting the coutrapositive of its major we get 

If C, then not A, 

C, 

/, Hot A, 

which is the coiTesponding form of the Modus Fonens. 

It must be borne in mind that as, in a h}'p>othetical pro- 
position when it is stated in the conditional or enumerative 
form, the subject of both the antecedent and the consequent 
are quantified, the minor may negate the consequent of the 
major by affirming either its contradictory or its contrary ; 
in each case, however, we are only justified in merely 
denying the antecedent of the major ; that is, in asserting its 
contradictory as our conclusion. Thus, from the premises 
‘ If all prophets spoke the truth, some would be believed ; 
but none are believed’ we are only justified in inferring 
that ‘ some prophets do not speak the truth,’ not that ‘ no 
prophets do so.’ 

(iii) Examples. — ^We will now give some material 
examples of the various forms of mixed hypothetical 
syllogisms : — 

(A) Modus Ponens. 

(1) Modus ponendo ponens. If any country increases 
in wealth, it increases in power ; England is in- 
creasing in wealth ; therefore, England is in- 
creasing in power. 
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(2) Modus jyoucndo toUcns. If any import duty is 

imposed simply for revemio purposes, that duty 
is not protective; English import duties are 
imposed simply for purposes of revenue ; there- 
fore, English import duties are not protective. 

(3) Modus ioUendo xioncm. If any swan is not wliitc, 

it is black; Australian swans are not white; 
"therefore, Australian swans are black. 

(•1) ioUendo iollens. If any war is not defen- 

sive, it is not just; the wars waged by Napoleon 
the Great were not defensive; therefore, those 
wars were not just. 

(U) Modus Tollens. 

(1) Modus loUendo ioUens. If any country is civilised 

it has a population among whom education is 
general ; the people of Russia are not generally 
educated; therefore, Russia is not a civilised 
country. 

(2) Modus xonendo toUens. If any social institution 

is justifiable, it oppresses no class of the com- 
munity ; slavery does oppress a class ; therefore, 
slavery is not a justifiable social institution. 

(3) Modus tollendo poncfis. If any railway is not 

required in the district through which it nins, 
it is a financial failure ; the great English lines 
are not financial failures; therefore, they are 
required in the districts through which they 
run, 

(4) Modus ponendo ponens. . If any country has no 

capital invested abroad, its imports will not 
exceed its exports ; England’s imports do exceed 
her exports ; therefore England has capital in- 
vested abroad. 

A few examples may be added of similar inferences when 
the hypothetical major has not been reduced to the funda- 
mental fonn with the same subject to both antecedent and 
consequent. 
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(.4) Modus Ponens. 

(1) Modus ponendo ponens. If all men are fallible, 

all philosophers are fallible; but all men are 
fallible ; therefore, all philosophers are fallible. 

(2) Models ponendo tolleTis. If all our acts are Tvithin 

our own control, no vice is involuntarj ; all our 
acts are within our own control ; therefore, no 
vice is involuntary. 

(3) Modus tollendo ponens. If vindictiveness is not 

a justifiable emotion, all punishment should be 
simply preventive ; vindictiveness cannot be 
justified ; therefore, all punishment should be 
simply preventive. 

(4) Modus tollendo tollens. If seeking his own pleasure 

is not man’s chief end, the egoist is not truly 
moral ; the seeking his own pleasure is not man’s 
chief end; therefore, the egoist is not truly 
moral. 

(B) Modus Tolleus. 

(1) Modus tollendo tollens. If all prophets spoke the 

truth, some would be believed; but none are 
believed; therefore, some do not speak the 
truth. 

(2) Modus ponendo tollens. If some of a man’s de- 

liberate acts are wholly determined by circum- 
stances, he is not morally responsible for them ; 
but a man is morally responsible for all his 
deliberate acts ; therefore, no such acts are 
wholly determined by circumstances. 

(3) Modus tollendo ponens. If no men were mad, 

lunatic asylums would be useless ; but they are 
not useless ; therefore, some men are mad. 

(4) Modus ponendo ponens. If the earth did not 

rotate on its axis, there would be no alternation 
of day and night; there is such alternation; 
therefore the earth does rotate on its axis. 
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2. Mixed Disjunctive Syllogisms. — A Mixed Dis- 
junctive Syllogism, in tlie strict sense of tlie term, 
is one in ■wMcli tlie inference is dravm from tlie dis- 
junctive form of tlie major premise. 

(i) Basis of syllogistic inference from a disjunctive 
major premise. — If tivo alternatives are given in tlie 
major premise, tlie denial of one of tlicm in the minor 
justifies the assertion of the other in the conclusion. Such 
an inference is purely formal, and is, therefore, based on 
the fundamental principles of thought. Though the 
common formula for a disjunctive proposition is S is either 
P or Q, yet oven here the alternation is, at bottom, be- 
tween the tivo propositions S is P and S is Q. And an 
alternation may bo equally -well asserted between tivo 
propositions with different subjects, as Either S is P or M 
is Q. If, then, we denote the alternative propositions by 
S and Y, we shall have the simple formula for disjunctive 
propositions — Either X or Y, which is more comprehensive 
than the customary S is either P or Q. Now, if wo accept 
as the major premise the disjunctive proposition Either 
X or Y, wo Imow that one, at least, of these alternatives 
must be true, i.e. not X ensures Y. If the minor premise 
denies X, it must, by the principle of B.vcluded Middle, 
affirm not X, and this justifies the affirmation of Y. But 
the alternatives may be both negative — Either not X or 
not Y, and this may be written Not both X and Y. Hero 
again, if one of the alternatives is false, the other must be 
true; that is, X ensures not Y. If, then, the minor 
posits X, it must, by the Principle of Contradiction, deny 
Y, for, in this case, X and Y cannot be true together. 

(ii) Porms of Mixed Disjunctive Syllogisms. — The 
denial of one alternative, then, justifies the affirmation of 
the other. And, if the number of alternatives is greater 
than two, the same ride holds — the denial of any number 
justifies the affirmation of the rest, categorically if only one 
is left, disjunctively if more than one remain. Thus — 
Either Yor Y or Z, 

Neither X nor Y, 

Z. 
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and — 

’Either ^ or Y or Z, 

Not S, 

Either Y or Z. 

As a disjunctive proposition does not formally im ply 
that the alternatives are mutually exclusive, ive cannot 
infer the denial of one of them from the assertion of the 
other. Those logicians who hold the opposite view, of 
course, assert that this can he done. But, even if the 
exclusive view were right, and S is either P or Q imphed 
that S could not he hotli P and Q, yet when it is inferred 
that S is not Q because it is P, the inference is plainly 
made from the categorical proposition. No P is Q, which 
the disjunctive major premise is held to imply, instead of 
from that major premise itself. Such an argument, there- 
fore, even if valid, would not he a disjunctive syllogism. 
We may, then, give as the canon of syllogistic inferences 
from a disjunctive proposition : 

To deny one member {or more) of any alternation is to 
affirm the other member or members. 

This gives one mood only of mixed Disjunctive Syllo- 
gisms, commonly called the Modus tollendo ponens because 
it affirms one alternative by denying the other. 

As, however, both the alternative members may be either 
affirmative or negative, this mood may take four forms, 
corresponding to the subordinate forms of the two more 
fundamental moods of mixed hypothetical syllogisms.' 
Both minor premise and conclusion, therefore, may be 
either affirmative or negative categox'ical propositions. The 
forms are thus expressed symbolically, the first being the 
standard — 

(1) Either X or Y, 

Not X, 

.-. T. 

(2) Either X or not Y, 

Not X, 


A ISTot Y. 
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(3) Either not X or Y, 

X, 

Y. 

(4) Either not X or not Y, 

X. 

Wot Y. 

(iii) Reduction of Mixed Disjunctive Syllogisms. 
— As every disjunctive proposition may bo expressed in 
hypothetical fonn' every disjunctive s 3 'nogism may ho 
expi-essed as a mixed syllogism with a liypotlietical major 
premise. Wlien this is done, the above four forms are seen 
to he equivalent to (1) the viodus tollcndo ponens, (2) the 
modvs tollendo Miens, (3) the vwdvs j^onendo ponens, and 
(4) the modus ponendo toUens of the Models Ponens wlien 
the denial of the first alternative is talcen as the antecedent 
of the liypothetical major premise, and to the same forms 
of the Modus ToUens when the denial of the second alterna- 
tive is so taken. As every s^'llogism in the Modus Ponens 
is reducible to a categorical sjdlogism in the First Figure, 
and every syllogism in the Modus ToUens to a similar 
syllogism in the Second Figure, it follows that every dis- 
junctive syllogism can he expressed at will as a cxitegorical 
sjdlogism in either of those figures. TJjis again illustrates 
the essential unity of the syllogistic process, though the 
reduction has no other value. 

(iv) Examples. — As examples of the four possible forms 
of mixed disjunctive syllogisms wo ma}' give — 

(1) Every tax which provokes general dissatisfaction 

is either onei'ous in amount, or unjust in its 
incidence; the unpopular Poll Tax of Richard 
H was not onerous in amount ; therefore, it was 
unjust in its incidence. 

(2) Any country which maintains a protective tariff 

either intends to subordinate present to future 
advantage, or fails to see its own interest clearly ; 
America, in maintaining her protective policy. 

' See pp. 110-111. 
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lias no intention of subordinating the interests 
of the present to those of the future ; therefore, 
she fails to see her ovm interests clearly. 

(3) Every revolution is either unjustifiable, or is pro- 

voked by oppression ; the Erench Revolution of 
1789 was justifiable; therefore, it was provoked 
by oppression. 

(4) Any penalty which fails to diminish the crime of 

which it is the appointed punishment, is either of 
insufficient severity, or is sometimes not incurred 
by the criminal ; the penalty for murder thus 
fails, and being death, is of sufficient severity ; 
therefore, its infliction on the culprit is not 
certain. 

We will add a few examples in which the alternatives in 
the major premise have not the same subject — 

(1 ) Either the ancient Athenians were highly civilised, 

or the highest artistic culture is possible amongst 
a people of inferior civilisation ; but this latter 
alternative is impossible ; therefore, the ancient 
Athenians were highly civilised. 

(2) Either vice is voluntary, or man is not responsible 

for his actions ; but man is so responsible ; there- 
fore, vice is voluntary. 

(3) Either no man should be a slave, or some men are 

incapable of virtue ; but no men are incapable 
of virtue ; therefore, no man should be a slave. 

(4) Either poverty is never due to misfortune, or 

desert sometimes goes unrewarded ; but poverty 
is sometimes due to misfortune ; therefore, desert 
does sometimes go tmrewarded. 

3. Dilemmas. — Dilemma is a syllogism with a 
compound hypothetical major premise and a dis- 
junctive minor. 

In other words, the major contains a plurality either of 
antecedents or of consequents, which are either disjunc- 
tively affirmed, or disjunctively denied, ia the minor. The 
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peculiar feature of a dilemmatic argument is the choice of 
alternatives "which it thus offers; and, "when it is used 
rhetorically, the aim is to make these alternatives of such 
a kin d that, "whilst one must he accepted, all lead to results 
equally disagreeable to an opponent. Hence arose- the 
saying ‘ to be on the horns of a dilemma.’ 

Strictly speaking, a Dilemma contains only two alter- 
natives ; if "three are offered we have a Trilemma ; if four, 
a Tetralemma ; and if more than four, a Polylemma. As 
these more complex forms are governed by the same 
principles as the dilemma, it will be sufficient to consider 
the latter. 

(i) Porms of the Dilemma. 

(A) Determination of Forms. Like all mixed hypothe- 
tic^ syllogisms, a dilemma may be either Constructive — 
when the antecedents are affirmed ; or Destructive — ^when 
the consequents are denied. In the former case, there 
must, of necessity, be two antecedents in the maior pre- 
mise, as otherwise the minor premise could not be dis- 
junctive ; but there may be either a single consequent — 
which the conclusion -will affirm in the same form, which is 
usually the simple categorical ; or two consequents — when 
the conclusion "will always be disjunctive. In the former 
case the dilemma is Simple ; in the latter case Complex. 
Similarly, the major premise of a destructive dilemma must 
contain two consequents, which may have either one or two 
antecedents, the dilemma being again Simple or Complex 
accordingly. We thus get four main forms of the dilemma, 
which may be expressed by the folio-wing formulae, in which 
each letter represents a proposition — 

(1) Simple Constructive. 

(a) If either A or B, then C, 

Dither A or B, 

C. 

(b) If either A or B, then either C or D, 

Dither Aar'S, 


Dither C or D. 
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(2) Simple Destructive. 

(a) If A, then loth C and D, 

Dither not C or not D, 

ITotA. 

(b) If both A and B, then both C and D, 

Dither not C or not D, 

Dither not A or not B. 

(3) Complex Constrxictive. 

If A, then C, and if 'B, then D, 

Dither A or B, 

Dither C or D. 

(4) Complex Destructive. 

If A, then C, and if B, then D, 

Either not C or not D, 

Either not A or not B. 

The second foim of the Simple Constructive dilemma is 
simple because the alternative hypotheticals which form the 
major premise have only one consequent. The conclusion 
is disjunctive because tliis single consequent is disjunctive 
in fonn. Similarly, the second fonn of the simple de- 
structive dilemma is not complex, although it has a dis- 
junctive conclusion, for that conclusion is merely the simple 
denial of the one single antecedent of the major premise. 
It thus appears that these forms are not fimdamental, but 
are only special cases of somewhat greater complexity of 
the simple forms 

It will be noticed that the major premise of both forms 
of the simple destructive dilemma has its consequent copu- 
lative, and not disjunctive, in form. The reason is that 
when two consequents are alternatives their disjunctive 
denial will not justify the denial of the antecedent; for, 
if one of two alternatives is false, the other must be true, 
and the truth of one consequent is all that the antecedent 
of such a proposition demands. It is necessary that both 

* Of. Keynes, Formal Logic, 3rd Ed., pp. 317-318, notes. 
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tlie consequents should be connected witli the n-hoJe ante- 
cedent, in order that the denial of their conjunction may 
justify the rejection of the antecedent as a whole. 

We will now illustrate each of the above fonns. 

(1) (a) Simjple Constructive. The inhabitants of a be- 
sieged town might express their position in somo such 
dilemma as this ; ‘ If we hold out, we shall suffer loss by 
the bombardment destroying our property; if we sur- 
render, we shall suffer loss through having to pay the 
enemy a heavy ransom ; but we must adopt one or other 
of these two courses ; therefore, whichever way we act, we 
ai’e bound .to suffer loss.’ 

(h) This form, which is more indefinite than the former, 
neither antecedent being limited to one consequent, is 
much less frequently employed. As an example of it we 
may give: ‘If either England is over-populated or its 
industry is disorganised, many people must either emigrate 
or live in deep poverty ; England at present suffer.^ either 
from ovei’-population or from disorganisation of industry ; 
therefore, many Englishmen must either emigrate or live 
in deep poverty.’ 

(2) (a) Simple Destructive. Euclid’s proof of proposi- 
tion VII of the Eirst Book may be exhibited as a dilemma 
of this kind : ‘ If two triangles on the same base, and on 
the same side of it, have their conterminous sides equal, 
then two angles are both equal and unequal to each other ; 
but they are either not equal or not unequal ; therefore, 
the existence of two such triangles is impossible.’ 

Whately gives the following example of such an ar^- 
ment: “If we admit the popular objections against Politi- 
cal Economy, we must admit that it tends to an excessive 
increase of wealth : and also, that it tends to impoverish- 
ment; but it cannot do both of these; (i.e. either not the 
one, or, not the other) therefore we cannot admit the 
popular objections, etc.” ' 

(&) This form is very seldom used. As an example we 
may give : ‘ If compulsory education is unnecessary and no 

* Whately, Elements of Logic, 5th Ed., pp. 117-118. 
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legal regulation of the conditions of the labour of children 
is justifiable, then all guardians of children both understand 
and try to perform their duty to those under their charge ; 
but some guardians either do not rmderstand their duty to 
their young -wards or do not try to perform it ; therefore, 
either compulsoiy education is necessary or some legal 
regulation of the conditions of children’s labour is justi- 
fiable.’ 

(3) Complex Constructive. A good example of this fornr 
of dilemma is found in the oration of Demosthenes On 
the Crown, -where he argues: ‘If Aeschines joined in the 
public rejoicings, he is inconsistent; if he did not, he is 
unpatriotic; but either he did or he did not; therefore, 
he is either inconsistent or unpatriotic.’ 

The folio-wing argument is in the same form : ‘ If the 
Czar of Russia is a-ware of the persecutions of the Jews in 
his country, he is a tyrant ; if he is not aware of them, he 
neglects his duty ; but either he is, or he is not, a-ware of 
them ; therefore, either he is a tyrant or he neglects his 
duty.’ 

(4) Complex Destructive. This, again, is not a very com- 
mon form. An example is : ‘ If the industry of England is 
well organised, there is work for every efficient labourer 
who seeks it, and if all labourers are industrious, all will 
seek work ; but either some labourers cannot get work or 
they will not seek it; therefore, either the industry of 
England is not well organised or some labourers are idle.’ 

(R) Mutual Convertibility of Forms. Like the simpler 
mixed hypothetical syllogisms, the constnictive and de- 
structive dilemmas are, at bottom, identical ; for any form 
of the one may be converted to the corresponding -form of 
the other by obverting the contrapositive of the major 
premise. Thus, the complex destructive and complex 
constructive dilemmas are, fundamentally, the same, and 
each of the two forms of the simple destructive is mutually 
convertible -with the corresponding fonn of the simple 
constructive dilemma. In illustration of this it -will be 
sufficient to reduce each of the destructive to a construc- 
tive form. 



DJLEMMAS. 


273 


§ 3] 

Siviple JDeslruclive. (a) By obverting the contrapositive 
of the major premise and retaining tbe original minor, wo 
get — 

If either not C or not D, then not A, 

Either not C or not D, 

Uot A ; 

wbicb is tbe simple constructive fonn witb negative, instead 
of affirmative, elements. 

(6) Similarly, by obverting tbe contrapositive of tbe 
second form of tbe simple destructive we get tbe second 
form of tbe simple constructive, witb negative elements — 

If either not C or not D, then either not A or not B, 

Either not C or not D, 

Either not A or not B. 

Gomplez Destructive. Tbe obverted contrapositive of tbe 
major premise being taben, we get — 

If not C, then not A, and if not B, then not B, 

Either not C or not D, 

Either not A or not B ; 

wbicb is tbe complex constructive form witb negative 
elements. 

Ibis convertibility may be illustrated by an example. A 
man in bad bealtb, and wbo bas no income but bis salary, 
may argue that bis recoveiy is hopeless, either in tbe simple 
destructive dilemma: ‘If I am to regain bealtb, I must both 
give up work and live generously ; but I cannot do both of 
these (that is, either I cannot do one, or I cannot do tbe 
other); therefore, I cannot regain bealtb ’ ; or in tbe simple 
constructive: ‘ If I either continue to work, or bve meagrely, 
I cannot regain bealtb ; but I must either continue to work 
or bve meagrely ; therefore, I cannot regain health.’ 

(ii) Rebutting a Dilemma. — Tbe conclusiveness of a 
dilemma depends upon material, as well as formal, con- 
siderations. Not only must tbe connexion of antecedent 
and consequent be a real one, but tbe disjunction in tbe 
minor premise must exhaust every possible alternative. 

I. n. 18 
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The difficulty of securing this is the reason dilemmatic 
arguments are so often fallacious. 

Very often a fault}’’ dilemma can he rebutted or retorted 
by an equally cogent dilemma proving the opposite conclu- 
sion. In such a case, the consequents of the major change 
places. And their quality is changed. Thus 

If A, then C, and if B, then D, 

Either A or B, 

Either C or D, 

may be rebutted by the dilemma 

If A, then not D, and if B, ihe7i not C, 

Either A or B, 

Either' not C or not D. 


But the conclusion proved is not really incompatible "with 
that of the original, dilenima, for both can be satisfied by 
C and not D or by D and not C being true together. 
Only the complex constructive forms of the dilemma lend 
themselves to this treatment (though destructive dilemmas 
can be reduced to the constructive form and then re- 
butted), and, of course, only those in which some fia-w 
exists in the original argument ; a valid dilemma cannot 
be rebutted. There are several classical examples of 
dilemmas thus rebutted, the consideration of Tvhich will 
tend to make the subject clear. 

An Athenian mother is said to have advised her son not 
to enter public life ,• ‘ for,’ said she, ‘ if you act justly men 
will hate you, and if you act imjustly the gods "will ha’te 
you; but you must act either justly or unjustly; there- 
fore, public life must lead to youz’ being hated.’ This- 
argument he I’ebutted by the equally cogent dilemma : 

‘ If I act justly the gods -will love me, and if I act unjustly 
men will love me ; therefore, entering public life will make 
me beloved.’ But, according to the given premises, a public 
man must always be both hated and loved ; the given con- 
clusions are not, therefore, incompatible. 

More famous is the Litigiosus. Protagoras agreed to 
train Euathlus as a la^wyer, one-half the fee to be paid at 



DIIiEMMAS. 


275 


§3J 

ouce, and the other half when Euathlus won his first case. 
As Euathlus engaged in no suit, Protagoras sued him, and 
confronted him with this dilemma : ‘ Most foolish young 
man, if you lose this suit you must pay mo by order of the 
court, and if you gain it you must pay mo by our con- 
tract,’ To which Euathlus retorted : ‘ Most sapient master, 
I shall not pay you ; for if I lose this suit I am free from 
payment by our contract, and if I gain it, I am exonerated 
by the judgment of the court.’ Of this difficulty several 
solutions have been offered. The most reasonable seems 
to be this ; As Euathlus had until then won no case, the 
condition of the bargain was not fulfilled, and tho judges 
should have decided in his favour. It was then open to 
Protagoras to bring a fresh suit, when the judgment must 
have gone against Euathlus. 

Somewhat similar is the Crocodilns. A crocodile had 
seized a child, but promised the mother that if she told him 
truly whether or not ho was going to give it bach, he would 
restore it. Fearing that if she said he was going to give 
’ it bach, he would prove her wrong by devouring it, she 
answered, ‘ You will not give it bach ’ ; and argued : ‘ Now 
you must give it bach — on the score of our agi'eement if 
my answer is true, and to prevent its becoming true if it is 
false.’ But the crocodile answered : ‘I cannot give it bach, 
for if I did your answer would become false, and thus 3 
should breah our agreement ; and even could your answer 
be correct I could not give it bach, as that would mahe it 
false.’ On this Lotze says : “ There is no way out of this 
dilemma; as a matter of fact however both parties rest 
their cases on unthinhable grounds ; for the answer really 
given can as little be true or untrue independently of the 
actual result as could the answer she might have given, an 
answer which only differs from this in being more fortu- 
nate.” ' For, had she said ‘You will give it bach,’ then 
its restoration would both have made her answer true and 
have fulfilled the agreement. 


' Logic, Eng. trans., vol. ii., p. 20. 
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ABRIDGED AND CONJOINED SYLLOGISMS. 

1. Entliyiiienies. — An Entliynieme is a syllogism 
abridged in expression by tbe omission of one of tbe 
constituent propositions. 

The most common form in which syllogistic arguments 
are met with is the enthymematic. The tendency of speech 
is always to state explicitly no more than is required for 
clearness; and as, in most cases, when two of the con- 
stituent propositions of a syllogism are given the third is 
sufficiently obvious, it would be mei’e pedantry to express 
it in ordinary discourse. It is, therefore, but seldom that 
fully expressed syllogisms are met with outside treatises 
on logic. This condensation, however, makes it both more 
easy to commit fallacy and more difficult to detect it. A 
false conclusion is often supported by a perfectly true 
premise. The fact that the implied premise is false or 
wanting in pertinence is not realised. 

In reasoned discourse the omission of a premise is more 
usual than the suppression of the conclusion. The latter 
is essentially a rhetorical device and always carries a sug- 
gestion of feeling. As, however, any one of the three 
constituent propositions of a syllogism may be omitted, we 
can speak of enthymemes as of three orders — 

First Order — when the major premise is omitted. 

Second Order — ^when the minor premise is omitted. 

Third Order — ^when the conclusion is omitted. 

Eor example, the argument of the fully stated syllogism : 

‘ All democratic governments are bable to frequent 
changes in foreign policy; the English government is 
democratic; therefore, the English government is liable 
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to frequent changes in foreign policy ’ — may be expressed 
by an entbymeme of each order : — 

First Order. ‘ The English government is liable to fre- 
quent changes in foreign policy, because it is democratic.' 

Second Order. ‘ The English government is liable to 
frequent changes in foreign policy, because all democratic 
governments are liable to this.’ 

Third Order. ‘ AU democratic governments are liable to 
frequent changes in foreign policy, and the English govern- 
ment is democratic.’ 

When an enthymeme is of the &st or second order, more 
frequently than not the conclusion is stated first, and the 
premise given in its support is introduced by some such 
illative particle as ‘ because ’ or ‘ since.’ 

When an enthymeme is of the third order, it is, of 
course, immediately obvious to •which of the syllogistic 
figures it belongs. When it is of either the first or second 
order, this must be determined by the position in the given 
premise of either the minor or the major term. If the 
given premise contains the subject of the conclusion, it is, 
necessarily, the minor premise, and the enthymeme is of 
the first order ; if it contains the predicate of the conclu- 
sion, the enthymeme is of the second order. Now, if both 
the given premise and the conclusion have the same sub- 
ject, the enthymeme must be in either the Eirst or the 
Second Figure ; for in those figures only is S the subject 
of the minor premise. Similarly, if both the propositions 
have the same predicate, the figure is either the First or 
the Third, for in these P is predicate of the major premise. 
If the predicate of the conclusion is the subject of the 
given premise, the argument belongs either to Figure II 
or to Figure IV, in each of which P is the subject of the 
major premise. Finally, if the subject of the conclusion 
is the predicate of the given premise, the figure is either 
the Third or the Fourth, for in each of these S is the pre- 
dicate of the minor premise. 

2. Progressive and Regressive Chains of Reason- 
ing. — ^A train of thought may be conducted by means of a 
succession of syllogisms in which the conclusion of each 
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syllogism supplies a premise to tliat which follows. Two 
cases may he distinguished. In the first the conclusion 
fonns the major premise, and in the second the minor 
premise, of the syllogism which it precedes. Symbolically, 
therefore, this may be represented as follows — 


(1) 

Y a P (major) 

(1) 

SaY 

(minor) 


X a Y (minor) 

YaX 

(major) 


.‘.X a P (concl.) 


.-.S a X 

(concl.) 

(2) 

X a P (major) 

(2) 

SaX 

(minor) 

M a X (minor) 

XaM 

(major) 


:. M a P (concl.) 


.-.S a M 

(concl.) 

(3) 

M a P (major) 

(3) 

SalY! 

(minor) 

S a M (minor) 

MaP 

(major) 


.'.SaP (concl.) 


.\S a P 

(concl. ) 


A common proposition connects each two members of 
such a train of syllogisms ; and the syllogisms thus related 
are called respectively Prosyllogism and Episyllogism with 
respect to each other. 

A Prosyllogism is a syllogism whose conclusion is a 
premise in the syllogism with which it is con- 
nected. 

An Episyllogism is a syllogism one of whose premises is 
the conclusion of the syllogism with which it is 
connected. 

In these trains of reasoning the progress of thought has 
been from prosyllogism to episyllogism. Such a demon- 
stration is called Progressive, Episyllogistic, or Syn- 
thetic : it is very common in mathematics and is con- 
stantly used by Euclid in his direct proofs. It is the 
method by which the consequences of general principles are 
exhibited. It may consist either of categorical or of hypo- 
thetical propositions. A good example of the latter is given 
by Ueberweg : “ If there is a medium obstructing the motion 
of the planets, then the path of the earth cannot be con- 
stant nor periodical, but must always become less ; If this 
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be tbe case, then the existence of organisms on the earth 
cannot have been (nor can remain) eternal. Hence, if 
there is this medium, organisms must have at one time 
come into existence, and mil -wholly pass away. If orga- 
nisms once existed for the first time on the earth, they 
must have arisen out of inorganic matter. If this is the 
case, there has been an original production (generatio aequi- 
Toca). Hence, if this obstructive medium exists, there has 
been an original production.”^ 

- But in physical science it more frequently happens that 
the highest and most general principles are the last to be 
discovered. “ Certain general propositions are first dis- 
covered (as, e.g., the la-ws of Kepler) under -which the indi- 
vidual facts are syllogistically subsumed. The highest 
principles are discovered later {e.g. the Newtonian law of 
Gra-frtation) from which those general principles are 
necessary deductions.”^ In such a course of reasoning, 
thought advances from the episyUogism to the prosyllo- 
gism, going backwards further and further towards first 
principles. A demonstration of this land is, therefore, 
called Regressive, Prosyllogistic, or Analytic. It 
may be thus represented symbolically, the episyUogism 
being stated fii-st, as in such a train it comes first in the 
order of thought ; — 


(1) S a P (conol.) (1) S a P (concl.) 



•/ M aP (major) 

S a M (minor) 


’.'MaP (major) 

S a M (minor) 

(2) 

MaP (ooncl.) 

(2) 

MaP (concl.) 


X a P (major) 
MaX (minor) 

- 

X aP (mnjor) 
MaX (minor) 

(3) 

X a P (conol.) 

(3) 

S a M (concl.) 


Y a P (major) 

X a y (minor) 


••• Y a M (major) 
5 0. K (minor) 


Such a train of reasoning, whether progressive or regres- 
sive, is often caUed a Polysyllogism. 


' Ueberweg : Logic, Eng. trans., p. 464. 


^ Ibid., p. 465. 
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3. Sorites. — A Sorites is a progressive chain of 
reasoning whose espression is simplified hy the omis- 
sion of the conclusion of each of the prosyllogisms. 

The Sorites is, thus, a series of enthymemes, of "which the 
first is of the third order, as both its premises are stated ; 
and the last is of either the first or the second order, as one 
premise and the conclusion are given. But each of the 
intermediate enthymemes is represented by one premise 
alone, as the other premise is the omitted conclusion of the 
preceding prosyllogism. In somewhat different words, 
therefore, it may be said that a sorites is a series of enthy- 
memes, in each of which, except the first, one premise is 
implied by a prosyllogism, and the other is explicitly stated. 
From this it follows that a full analysis of a sorites resolves 
it into a number of separate syllogisms, less by one than 
the total number of premises. 

(i) Kinds of Sorites. — It was seen in the last section 
that the conclusion of a prosyllogism may form either the 
minor or the major premise of the episyllogism. There are, 
consequently, two forms of sorites — the Aristotelian, in 
which the suppressed conclusions form the minor premises 
of the f ollo'wing episyllogisms ; and the Goclenian, in which 
they form the major premises. The symbolic expression of 
each may be thus given — 

Aristotelian Sorites — Every S is X 
Every X is V 
Every Y is Z 
Every Z is P 

Every S is P 

Goclenian Sorites — Every Z is P 
Every Y is Z 
Every X is Y 
Every S is X 
Every S is P 

If both forms are analysed into their constituent syl- 
logisms, it "will be seen that in the Aristotelian foim the 
omitted conclusions — which we enclose in square brackets 
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— form the minor, and in the Goclenian form the major, 
premises of the succeeding episyllogisms. 

Analysis of Aristotelian Sorites. 

(1) Every X is K (major) 

Every S is X (minor) 

\_Every S is K] (concl,) 

(2) Every K is Z (major) 

[Every S is V] (minor) 

[Every S is Z] (concl.) 

(3) Every Z is P (major) 

[Every S is Z] (minor) 

Every S is P (concl.) 

Analysis of Goclenian Sorites. 

(1) Every Z is P (major) 

Every y is Z (minor) 

[Every Y is P'] (concl.) 

(2) [Every Y is P} (major) 

Every X is Y (minor) 

[Every X is P'] (concl. ) 

(3) [Every X is P] (major) 

Every S is X (minor) 

Every S is P (concl. ) 

It is evident that the two forms agi’ee in the fact that 
each omitted conclusion is a pi-emise of the following 
syllogism. Now, this advance from previous to conse- 
quent inferences is the characteristic of progressive reason- 
ing ; it is, therefore, an error to speak of the Goclenian 
Sorites, as some logicians have done, as a regressive form 
of reasoning. 

Either form of sorites may he entirely composed of 
hypothetical propositions. In the Goclenian Sorites the 
last premise may he categorical, and then the concluding 
enthymeme is the abridged form of a mixed syllogism, in 
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■wliicli tlie categorical minor premise either affirms the 
antecedent, or denies the consequent, of the implied 
conclusion of the preceding prosyllogism ; e.g . — 


I/C, then D, 
If B, then C, 
If A, then B, 
A, 

D. 


If C, then D, 
If B, then C, 
If A, then B, 

ITot P, 

Wot A. 


In the Aristotelian Sorites, however, the same result can 
only be obtained by adding to the sorites a categorical 
minor premise, and then regarding the implied conclusion 
of the preceding prosyllogism as the major, instead of the 
minor premise of the last episyllogism. In other words, a 
mixed syllogism at the end of a sorites must, in all cases, 
correspond to the Goclenian form ; e.g . — 


If A, then B, 
If B, then C, 
If C, then D, 
A, 

D. 


If A, then B, 
If B, then C, 
If C, then D, 
Wot D, 

Wot A. 


The following example of a categorical Ai’istotelian 
Sorites may be quoted : ‘ Action is that in which happi- 
ness hes ; what contains happiness is the end and aim ; 
the end and aim is what is highest; therefore, action is 
what is highest.’ ‘ As an instance of a similar sorites com- 
posed of hypothetical propositions we may give : ‘ If any 
man is avaricious, he is intent on increasing his wealth ; if 
he is so intent, he is discontented ; if he is discontented, 
he is unhappy ; therefore, if any man is avaricious, that 
man is unhappy.’ In the following the last syllogism is a 
mixed hypothetical : ‘ If the soul thinks, it is active ; if it 
is active, it has strength ; if it has strength, it is a sub- 
stance ; now the soul thinks ; therefore, the soul is a sub- 
stance.’ In all these cases, if we reverse the order of 
premises, we get a sorites of the Goclenian form. 

^ Aristotle : Poetics, vi. 



§ 3 ] 


SOEITES. 


283 


(ii) Special Rules of the Sorites. 

(а) The Aristotelian Sorites. la this foim of sorites, 
the predicate of the last premise is, in the conclusion, 
affirmed or denied of the first subject, through one or more 
intermediate propositions. Each intermediate tenn must, 
therefore, be affirmatively predicable of the whole of the 
preceding one, or the chain of connexion is broken. This 
gives us the two following as 

Special Rules of the Aristotelian Sorites : 

1. Only one premise, and that the last, can be negative. 

2. Oiily one premise, and that the first, can be par- 

ticular. 

The necessity of these rules is evident when the sorites 
is analysed into its constituent syllogisms. 

Btile 1. More than one premise cannot be negative ; for, 
as a negative premise in any syllogism necessitates a 
negative conclusion, if more than one premise in the sorites 
were negative, one of the constituent syllogisms would 
contain two negative premises. 

If any premise in the sorites is negative, the conclusion 
must be negative ; therefore, the predicate of the conclusion 
must be distributed in the last premise, of which it is the 
predicate ; that is, the last predicate must be negative. 

Buie 2. As every premise except the last must be 
affirmative, it is evident that if any, except the first, were 
particular, it would involve the fallacy of undistributed 
middle. 

(б) The Goclenian Sorites. In this form of sorites the 
predicate of the first premise is, in the conclusion, either 
affirmed, or denied, of the subject of the last, through one 
or more intermediate propositions. Each intermediate term 
must, therefore, be affirmed imiversaUy of the succeeding 
one, or the necessary connexion will not be secured. We, 
thus, get the two following as 

Special Rules of the Goclenian Sorites : 

1. Only one premise, and that the first, can be negative. 

2. Only one premise, and that the last, can be particular. 
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A consideration of tlie constituent syllogisms again shows 
tlie necessity of these rules. 

Buie 1. As in the Aristotelian sorites, a plurality of 
negative premises would result in one of the syllogisms 
containing two negative premises. 

If any premise is negative, the conclusion must he nega- 
tive; therefoi-e its predicate must be distributed in the fi’st 
premise, of which it is the predicate ; that is, the first pre- 
mise must be negative. 

Buie 2. If any premise but the last were particular, 
the conclusion of the syllogism in which it occurred would 
also be pai-ticular, and, as that proposition would be the 
major premise of the succeeding syllogism, we should have 
the fallacy of undistributed middle. 

The above rules assume, in each case, that the sorites is 
entirely in the First Figure ; that is, that each of the 
constituent syllogisms is in that figure. 

4. Epicheiremas. — An Epicheirema is a regressive 
chain of reasoning abridged by the omission of one 
of the premises of each prosyllogism. 

Each prosyllogism, therefore, appears in the epicheirema 
as an enthymeme, though the episyUogism is stated in full. 
Each prosyllogism furnishes a reason in support of one of 
the premises of the episyUogism, and the whole epicheirema 
may be described as a syllogism with a reason given in 
support of one or both of its premises. 

I’^en one premise only is thus supported, the epi- 
cheirema is Single ; when both are furnished with reasons, 
it is Double ) and when those reasons themselves have 
other reasons attached to them, it is Complex. The 
progress of thought in an epicheirema is from the epi- 
syUogism to the prosyllogisms on which it depends ; from 
the conclusion to the principles which support it. 

SymboUc examples of the Double Epicheirema are — 

(I) JEvery M is P, because it is X, 

Every S is M, because it is K, 

. • . Every S is P. 
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(2) Every M is P, because every A is. 

Every S is M, because every B is, 

. * . Every S is P. 

In the first case the enthjTnemes expressing the reasons 
are both of the first order, the suppressed major pi-emises 
being Every X is P, and Every Y is M. In the second case 
both the enthymemes are of the second order, the implied 
minor premises being Every M is A , and Every S is B. Of 
course, both need not be of the same order. If we leave 
out one of the reasons in either of the above examples we 
have a single epicheirema. 

We will now illustrate what has been said by material 
examples of the two forms of double epicheirema given 
above. 

(1) ‘ All unnecessary duties on imports are impolitic, 

as they impede the trade of the country ; the 
American protective duties are unnecessary, as 
they support industries which are quite able to 
stand alone; therefore, the American protective 
tariff is impolitic.’ 

(2) ‘All Malays are cruel, because all savages are ; all 

the aboriginal inhabitants of Singapore are 
Malays, because all the natives of that part of 
Asia are; therefore, all the natives of Singapore 
are cruel.’ 
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FUNCTIONS OP THE SYLLOGISM. 

1. Universal Element in Dednctive Reasoning. — 
Tlie essential feature of syllogistic reasoning is the sub- 
sumption of a particular case under a general rule ; in other 
words, every deductive inference must rest on a universal 
element. This necessity has been denied by certain wiiters, 
of whom Mill may be taken as representative. He says : 
“ All inference is from particulars to particulars : G-eneral 
propositions are merely registers of such inferences already 
made, and short formulae for making more: The major 
premise of a syllogisih, consequently, is a formula of this 
description ; and the conclusion is not an inference drawn 
from the formula, but an inference drawn according to 
the formula : the real logical antecedent, or premise, being 
the particular facts from which the general proposition 
was collected by induction.” * To which he adds in a later 
passage that the “ universal type of the reasoning process ” 
is “ resolvable in all cases into the following elements : 
Certain individuals have a given attribute; an individual 
or individuals resemble the fonner in certain other attri- 
butes ; therefore they resemble them also in the given 
attribute.” “ 

We frequently do reason by analogy from our experi- 
ence of particulars to another particular instance, and such 
reasoning is fairly described in the last sentence quoted 
above from Mill, though we must demur to the claim that 
it is the “ universal type of the reasoning process.” Such ar- 
guments are often fallacious, but even when they are valid, 
on what do they really rest ? Surely on an implicit univer- 
sal, that is, on the presence in all the cases of an identical 

^ Logic, Book II., Ch. iii., § 4. 
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element. It is not from the concrete case in all its aspects 
- —that is, as a particular — ^that the conclusion is drawn, 
but only from this point of identity which relates that case 
to the new one. And such a common bond is what is 
meant by a universal. Similarity implies such identity amid 
some diversity. “When we conclude from one case to other 
cases similar to it, it is the identity, not the difference, 
which carries our thought from the one to the other. 

This is evident upon a careful examination of an example 
Mill himself gives : " It is not only the village matron, who, 
when called to a consultation upon the case of a neighbour’s 
child, pronounces on the evil and its remedy simply on the 
recollection and authority of what she accounts the similar 
case of her Lucy.” ‘ But why does she account it “ a similar 
case ” ? Is it not because she regards the symptoms 
obseiwed in both cases as mai-ks of the presence of one and 
the same disease ? But if so, she is reasoning, not from 
her Lucy as an individual but, from the universal con- 
nexion between a certain disease and the symptoms Lucy 
exhibited in her sickness ; and thence she infers that the 
remedies which proved efficacious in that case will prove 
equally beneficial. And she will be ready if need arises to 
make this inference, not only in this new case of the neigh- 
bour’s child but, in all similar cases which may be brought, 
under her notice. Though, then, she may never have 
foimulated her belief in a generalised statement, yet she 
thinks it implicitly as a universal, and shows her thought 
by her readiness to act. 

Thus, even in cases whei'e the inference at fii’st sight 
seems to be founded on one or more particular experiences, 
it is really based on the recognition of the universal ele- 
ment in which they agree ; and this may be expressed in a 
general proposition which forms the major premise of a 
syllogism. 

2. Validity of Syllogistic Keasouing. — ^Not only has 
the syllogistic process been asserted to be valueless, but 
its very validity has been frequently denied, on the ground 


» Ibid., § 3. 
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tliat it involves the fallacy of petitio principii. Strictly 
speaking, this should mean that the conclusion of eveiy 
syllogism is itself assumed as one of the premises ; hut, 
more loosely, it is held to imply that the -premises pre- 
suppose the truth of the conclusion, and cannot, therefore, 
be used to establish it. This argument Tvas advanced, in 
the third century, by Sextus Empiricus, -who said that the 
major premise must result from a complete testing of every 
instance vrhich can come under it, and that, therefoi’e, to 
deduce an individual fact from a general principle is to 
argue in a circle. The same argument has been adopted 
by the empiricist school genei-ally. Thus, MiU says : “ It 
must be granted that in every syllogism, considered as an 
argument to prove the conclusion, there is a petitio prin- 
cipii ; . . . that no reasoning from generals to particulars 
can, as such, prove anything : since from a general princi- 
ple vs^e cannot infer any particulars, but those -which the 
principle itself assumes as kno-vra.”* MiU then proceeds 
to argue, as we have seen, that the real inference is from 
particulars to particulars, and that the syllogism is merely 
a guarantee of the validity of those inferences. 

If a universal proposition were a mere ‘ imiversal of fact,’ 
or summary of examined particulars, the cogency of this 
objection to the syUogism could not be denied. But in 
our examination of the universal judgment we saw that 
this was not so, and that the ground for such a judgment 
is not a complete counting but an analysis of content 
which establishes a necessary connexion of attributes. So 
the objection falls to the ground. Indeed it is itself a 
Petitio, as it assumes that the universal judgment originates 
in the only way which could lay it open to the charge, 
The truth of such a proposition is recognised, and even 
held to be necessary, before the totality of instances which 
come under it have been examined, or are, indeed, known. 
For instance, the laws of Kepler are syllogisticaUy applied 
to all newly discovered planets and satellites without a 
doubt of the accxuacy of the conclusion. Similarly, the 
universal validity of the law of gravitation was held to be 


^ Logic, Book 11., Gh. iii., § 2. 
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SO certain, tliat vrhen tlie observed orbit of the planet 
Uranus appeared to violate it, the existence of a disturbing 
cause vas inferred — an inference vhich led to the discovery 
of the planet Ueptune. 

Again, a syllogistic inference requires the combination 
of both premises, but the objection vro are considering 
involves the tacit assumption that the minor is unneces- 
sary. If, when you have admitted the major premise, 
you have asserted the conclusion, the minor premise is 
superfluous. But the necessity of the minor premise is 
granted, and this necessity is a proof that such an infer- 
ence is not a-petitio pnncipii. 

If the syllogism were really open to the charge of petitio 
principii, it would, of course, follow that no advance could 
be made in knowledge by its means. But the objection 
springs from a too objective view of logic ; from neglect- 
ing to remember the difference between what is in the 
facts of the external world, and what we hnoxo to he in 
them. Inference cannot, of comrse, give us more than 
already exists in the world, but it may help us to see and 
understand more. It is, indeed, our imperfect knowledge 
which makes inference of new truths possible. Were our 
knowledge complete, aU timtbs would lie open before us, 
and such inference would be both unnecessary and impos- 
sible. For the truth of the conclusion is, in fact, concomi- 
tant with that of the premises from which we deduce it ; 
it- does not succeed them, though our perception of it 
may follow our perception of them. 

For, though the objectors to the syllogism deny the fact, 
it is certainly possible to accept the premises without 
deducing the conclusion. The shortness of the syllogistic 
process, and the triteness of the examples of it commonly 
given, disguise this possibility, and give plausibihty to 
the assertion that no advance in knowledge is really made 
by syllogism. But, because,- as statements of fact, the pre- 
mises contain the conclusion, it by no means follows that 
“in studying how to, draw the conclusion, we [are] study- 
ing to know what we knew before. All the propositions 
of ptne geometry, which multiply so fast that it is only a 
small and isolated class even among mathematicians who 
I. L. 19 
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know all tkat Las been done in that science, are certainly- 
contained in, tbat is necessarily deducible from, a very fe-w 
simple notions. But to he hnown from these premises is 
very different from being hnown with them. Another 
form of the assertion is that consequences are virtually 
contained in the premises, or (I suppose) as good as con- 
tained in the premises. Persons not spoiled % sophistry 
will smile when they are told that knowing two straight 
lines cannot enclose a space, the whole is greater than its 
part, etc. — ^they as good as know that the thi-ee intersec- 
tions of opposite sides of a hexagon inscribed in a circle 
must be in the same straight line. Many of my readers 
■will learn this now for the first time ; it will" comfort them 
much to be assm-ed, on many high authorities, that they 
virtually knew it ever since their childhood. They can 
now ponder upon the distinction, as to the state of their 
own minds, between virtual knowledge and absolute igno- 
rance.”^ 

Nor, indeed, even were this objection true would it be 
to the point. It is a psychological, not a logical, objec- 
tion. A proof does not cease to be a proof because it is 
thoroughly familiar -to any individual mind. The conclu- 
sions of geometry, for example, do not cease to be infer- 
ences from mathematical axioms and definitions because 
the process of reasoning by which they are reached is 
understood and remembered. We may, indeed, look upon 
a formally stated syllogism as an analysis of the mode of 
deductive inference, and as such an analysis it makes ex- 
plicit elements which, in the actual drawing of the infer- 
ence, may be implicit, and so escape superficial observation. 
But, as was shown in the last section, in all deductive in- 
ference there must be an application of a -universal judg- 
ment -to a particular case ; in other words, the elements of 
syllogism must be present though each may not separately 
engage attention. 

We may, then, sum up omr answer to the charge of "■ 
petitio principii brought against the syllogism under four 
heads — ^the major is essentially not a mere summation of 


* De Morgan, Formal Logic, pp. 44-45. 
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oliserred instances ; tlie minor is a neccssarv part of every 
syllogism; it is possible to accept the premises ivithout 
diavdng the conclusion, and hence to maho progress in 
Icnovrledge by means of syllogism ; and the fact of infer- 
ence depends on the rigidity of the proof, not on its 
novelty. 

3. Iiimitations of Syllogistic Eeasoning. — Having 
shovm the validity and value of the syllogism, vro have novr 
to enquire -whether it is the only type of valid mediate 
inference. Tliis has been strongly asserted by many 
logicians. 

In opposition to these claims it has been pointed out 
that the syllogism deals only -with propositions -which 
express the relation of subject and attribute, and that 
inferences from other relations, though they may be per- 
fectly valid, not only are not made syllogistically but, 
cannot be satisfactorily expressed in that form. Such, for 
example, is the argumenium d fortiori — A is greater than B, 
B is greater than 0 ; therefore, A is greater than G. Various 
attempts have been made to express such arguments syllo- 
gistically, the most successful of -which is Mansel’s 

“ Whatever is greater than a greater than C is greater 
than 0, 

“ A is greater than a greater than 0, 

“ Therefore, A is greater than C.” 

But the -whole argument is really assumed in the major 
premise, and the mference is, therefore, invalidated by 
a petifio princi^ii; moreover, B does not appear in the 
premises, -which cannot, therefore, express the -whole argu- 
ment. 

If, then, account is to bo tahen of all valid inferences, 
we need a Logic of Relatives which “ shall take account 
of relations generally, instead of those merely which are 
indicated by the ordinary logical copula ‘is.’”“ Such a 
logic has never been worked out, and, perhaps, never -will 

' Artis Logicae Rudimenta, 3rd Ed., p. 198. 

* Venn, Symbolic Logic, p. 400. 
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be; for, as Dr. Yenn says: “tlie attempt to construct a 
Logic of Relatives seems . . . altogetlier hopeless owing 
to the extreme vagueness and generality of this conception 
of a Relation.” ^ Mr. Bradley, however, gives a list of 
relations, which though it “ does not pretend to be com- 
plete” is yet, probably, the best classification which has 
yet been put forward. He calls them “principles of in- 
ference,” and enumerates five — 

“ (1) Synthesis of Suiject and Attribute. Under this all 
syllogistic inferences can be brought. 

“ (2) Synthesis of Identity. Where one term has one 
and the same point in common with two or more 
terms, there these others have the same point 
in common . . . as ' K is the brother of B, and 
B of G, and G is the sister of D, then A is the 
brother of D' 

“ (3) Synthesis of Degree. When one tenn does, by 
virtue of one and the same point in it, stand in 
a relation of degree with two or more other 
terms, then these others are also related in 
degree ... as ‘ is hotter than B and B than G, 
therefore A than 6?.’ ” The argumentum d fortiori 
comes under this head. 

“(4 and 5) Syntheses of Time and Space. When one and 
the same term stands to two or more other terms 
in any relation of time or space, there we must 
have a relation of time or space between these 
others. Examples ; ‘ is north of B and B west 
of G, therefore G south-east of 4 ‘A is a day 
before B, B contemporary with G, therefore G a 
day after/].’”* 

The validity of the arguments in classes (2) to (5) may 
be granted at once, as may the fact that they are not 
syllogistic. But it must be pointed out that, strictly 
speaking, neither are they deductive; for in them is no 
subordination of a special case under a general principle. 
They depend upon definite and abstract relations, such 

* Ibid., p. 403. * Logic, pp. 243-244. 
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fhat the more combinalion of tho given elements reveals the 
whole system. If / is north of B and C is an equal 
distance cast of B "wo know that A is north-east of G hy 
the mere c:camination of these given relations. To put it 
into syllogistic form would ho both misleading and absurd. 
Tho abstract relations of north and cast are not, therefore, 
the implied major premises of tho arguments. 

Of course, tho recognition of tho validity of such in- 
ferences does not mean tho rejection of tho syllogism, but 
only its restriction to its proper sphere. As Leibniz, says ; 
" The discovery of tho syllogism is one of the most beauti- 
ful and greatest over made by tho human mind ; it is a 
kind of universal mathematic whoso importance is not 
sufficiently known, and when wo know and are able to 
use it well, we may say that it has a kind of infallibility : — 
nothing can bo more important than tho art of formal 
argumentation according to true logic.” ^ 

4. Syllogistic rallacies. 

(i) Abstract. — ^Violation of any of tho fundamental 
rules of syllogisms may bo either open, or hidden by tho 
ambiguities of language. In tho former case wo have 
abstract syllogistic fallacies, and in tho latter case con- 
crete BV'llogistic fallacies. The former wo have already 
dealt with in coimexion with our consideration of tho rules 
of syllogism.’ They take ono of tho three forms — 

(c) Undistributed iliddle. 

(h) niicit Process of the Major Term. 

(c) Illicit Process of tho Minor Term. 

It is sufficient hero to add to -what was there said that 
these are aU at bottom instances of the most general syllo- 
gistic fallacy of four terms. To have an imdistributed 
middle is formally eqtuvalent to having two distinct 
middle terms, for there is no assurance that the reference 
». is in both cases to the same part of the denotation of that 
tern, and we cannot, therefore, assume in any case that 
it is so. _ Similarly, if illicit process, either of tho major or 
of the minor term, is committed, we have again four terms 

* Kouveaux Easais, iv., 17, § 4. > See pp. 225-227. 
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in tlae apparent syllogism, for tlie extreme term wHch. is 
illicitly distributed in the conclusion is different in its 
reference from tbe corresponding extreme term contained 
in tbe premises. In every case of syllogistic fallacy, there- 
fore, tbe apparent syllogism is really a ‘logical quadruped.’ 

(ii) Concrete. — Not different in tbe ultimate form of 
tbe eiTor are tbe concrete syllogistic fallacies, tbougb in 
them tbe fallacy is veiled by tbe use of ambiguous lan- 
guage. But wben these ambiguities have been pierced 
through, tbe fallacy in eveiy case stands revealed as an 
instance of four terms. All tbe cases of fallacy due to 
ambiguities of language •which -we have already considered* 
lead to such syllogistic fallacy •when tbe propositions con- 
taining them are used in syllogistic argument. Tbe ambi- 
guity is most frequently found in tbe middle term, tbougb 
this is not always tbe case. Tbe fallacy of composition 
or di’rision, for instance, is generally based on a confusion 
between the collective and distributive use of tbe minor 
term. It is ■unnecessary to discuss at length this class of 
fallacies, but tbe reader -will be well ad-vised to examine 
each form of ambiguity as committed in relation to each of 
tbe "terms of syllogism and -to decide to ■which of tbe three 
formal syllogistic fallacies it leads, 

* See Chapters VL, X. 
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GENEEA.L NATURE OP INDUCTION. 

1. Basis and Ai-m of Induction. — ^As an instrument 
of thonglit the syllogism is restricted in its scope. It 
endeaTours to secure the consistency of its conclusion with 
the premises from which it is derived. Whether the 
premises are true or false is immaterial to its formal 
validity. As soon as any serious investigation of experi- 
ence is undertaken its inadequacy to express the com’se 
which thought actually takes in the attainment of truth 
becomes obvious. If we suppose the principles themselves 
to be questioned, or if thought is concerned about matters 
on which no recognised principles have been formulated 
and seeks to find them, the syllogism affords no test by 
which to establish or reject such propositions. Now the 
first condition of scientific thought is that it is throughout 
subject to the control of fact. The fact may be an event 
in the outer world attested by observation or by testimony, 
or it may be an occurrence in the mind, or a relation found 
to obtain in the actual world. But everywhere the appeal 
is to fact. And this appeal the formal process of the 
syllogism is powerless to make. This does not imply that 
the syllogism is discarded ; it forms, as we shall see, an 
integral part of inductive enquiry besides having a value 
of its own in the setting forth of proofs. 

‘ Induction ’ in this sense includes the whole method by 
which modem science attains to knowledge. Its aim is to 
arrive at universal propositions which as expressions of 
the essential character of phenomena are known as laws. 
Thus in political economy we have the law of diminishing 
returns which states that after a certain point is reached 
other things remaining the same, the returns to successive 

295 
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applications of labour and capital to any portion of land 
continuously diminisb ; in physics ure have Boyle’s 
laiv that the volume of a gas varies inversely as the 
pressure to which it is subject at a fixed temperature. 

ITowitis obvious that neither of these laws can be matter 
of direct experience. Bor we do not know land except in 
particular portions, nor gas except in its varieties : how 
then can we make statements about land or gas in general ? 
Consider the case of a farmer who has found in the culti- 
vation of a certain field that an increase in the labour and 
capital expended on it is bringing in a less proportionate 
return year by year. This series of events is unique and 
will never recur. It relates to a particular object, in a par- 
ticular place at a particular time. As a record it is merely 
a matter of history : a narrative of what occurred in the 
past. Yet he will not treat it so. He wiU use his ex- 
perience as a guide to his treatment of the rest of the 
farm. In other words he will roughly generalise what in 
itself was unique. And the political economist, meeting 
with such instances, will formulate the generahsation with 
greater exactness into a law. Moreover, he wiU use the 
law confidently to interpret economic riddles of the past 
and to shape a policy for the futui-e. 

How what are the assumptions which underlie this 
procedure ? First of all, while the particular fact is 
individual and therefore different from every other fact, 
it nevertheless results from certain conditions without 
which it would not have been at all. On some of these 
conditions depend the special featmes of the fact which 
are being investigated — ^in the case of the land, for in- 
stance, the diminished ratio of the returns to the ex- 
penditure. Other aspects are for the time being neglected, 
and if the conditions of those under consideration can be 
exactly determined, we assume that wherever the like 
conditions recur another instance of the phenomena wiU 
be found. The statement of these conditions is purely 
abstract, for it simply asserts that whenever they occur a 
determinate result ■^1 foUow — symbohcaUy, If A then E. 
The particular is thus regarded as exemplifying the 
imiversal which can be read out of it by a process of 
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tlaougM. The extension to cases that haye not been 
investigated is justified by an appeal to the principles of 
causation and of the unify of nature. These two principles 
are the pre-suppositions of all induction.* 

The universal is not easily discerned in the particular ; it 
does not leap to the eye of the obsei-ver however careful 
he may be. Has observations must be guided and inter- 
preted by a methodical train of thought, by reasoned con- 
jectures, and by an ever fresh scrutiny of the relevant facts. 

An easier and more natural way of maldng a generali- 
sation would seem to be to coimt the instances in which 
the relation is present and to argue from its uncontra- 
dicted frequency to its universal prevalence. The argument 
would run that since the relation has held good in every 
instance that has been met with, it will continue to hold 
good in all fvuther examples of the same hind. 

Aristotle drew attention to this process of seeking the 
universal on the basis of a careful enumeration and ex- 
pressed the conditions which it must fulfil if it is to be 
of any value. He also set forth its relation to the doctrine 
of the syllogism. Taking as an example the absence of 
bile in certain long-lived animals, he exhibited the in- 
duction as a syllogism in Figure III. 

Man, horse, mule, etc., are long-lived. 

Man, horse, mule, etc., are bileless. 

.'. Bileless animals are long-lived. 

How this is formally invalid imless the class of bUeless 
animals is co-extensive with the animals enumerated in 
the subject of the minor premise ; so that the term ‘ bUe- 
less’ may be read as ‘all bileless animals,’ thus makino' 
possible the simple conversion of the minor. For Aristotle 
such a complete enumeration was quite feasible since in 
accordance with the cmrent view it was always possible to 
name the species of a genus ; and man, horse, mule, etc., 
are not individual things but species of the genus animal. 
His analysis, therefore, shows that he did not regard the 
element of counting as equally important with that of 
connexion of content. 

* See next ohBpter._^ 



298 GENEEA.I, NATURE OF INDUCTIOlT. [cH. 25 

Later logicians tended to subordinate tbig rational ele- 
ment in tbe doctrine of Aristotle to that of enumeration. 
Thus arose the distinction behveen ‘Perfect Induction,' 
in ■which the subject is kno-wn to be a complete enumera- 
tion of the denotation of the predicate of the minor 
premise, and ‘Imperfect Induction,' in ■which this cannot 
be assured. 

To the so-called perfect induction the title of inference 
has been denied by many modem logicians. For in it the 
conclusion merely states in a more convenient form ■what 
has been ahready expressed in the premises. Thus in 
speaking of the books ranged on a certain shelf I may say 

ah c d are bound in red, 

ah c d are all the books on the fourth shelf, 

.•. all the books on the fourth shelf are bound in red. 

Instead of tediously reciting the titles of the ■works and 
predicating red binding of them severally, I may use the 
conclusion as a serviceable abridgment. The step is not 
one of inference from the given premises, but a summary 
of the information they convey. 

Moreover, it is rarely possible, even if it ■were sufficient, 
to enumerate completely the particular things under in- 
vestigation, and if the enumeration is not complete, then 
any inference based on it is more or less uncertain, and is 
always liable to be overthrown. As Bacon pointed out : 
“ That induction which proceeds by simple entuneration is 
a puerile thing, and concludes imcertainly, and is exposed 
to danger from any contradictory instance, and for the 
most part pronounces from fewer instances than it ought, 
and of these only from such as are at hand.”i The utmost 
we are ever entitled to say as the result of such a method 
at its best is that certain things always have been and are. 
We can never conclude that they necessarily must be. At 
most there is a probability which in certain cases inay 
amount 'to practical certainty that the expectation aroused 
■will be realised in any further case that may come ■under 
obseiwation. Some other way, then, than that of enumera- 
tion must be found for the detection of the universal, and 

^ Novum Organon, Bk. I., p. 105. 
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in modem science enumeration is always sutordinate to 
analysis. 

N ow the data of experience are concrete, and as concrete, 
exceedingly complex. Thought assumes that each element 
in this complexity is the necessary expression of universal 
law, so that every particular is, as it were, the centre of 
many universals. To discover any one of them it is 
necessary to isolate it from the rest in thought ; to create, 
as it has been expressed, a kind of void around it so that 
it may stand out naked and clear of the details in which it 
is embedded and which are irrelevant to it. These details 
may be different in every instance of the phenomena, and 
it is only when they are set aside that the essential con- 
ditions on which the universal depends become apparent. 
Consequently, the process by which we reach the know- 
ledge of the exact form of any law of relation is one of 
analysis, and one which offers abundant opportunities for 
error. The relations as we conceive them in thought may 
not be the relations which actually hold. Then, sooner 
or later, we come to contradiction in our explanations, 
and see the necessity for a revision of our mental con- 
struction. 

It is in relation to analysis that the advantage of a 
plurality of instances is found. The form of any universal 
law is often more clearly and easily seen when comparison 
of instances which are known, or believed, to exemplify it 
enables the observer to disregard the imessential elements 
in each concrete particular. It is here that number of 
instances has a place in induction. They assist us in 
analysing the conditions of the given, but it is from those 
conditions, and not from the instances as such, that the 
inference is made. If the conditions can be exactly ascer-' 
tained in a single instance — as in the case of many chemi- 
cal experiments — then no plurality of instances is needed, 
'unless, indeed, there is some doubt as to the accuracy of 
the experiment, when, of course, its repetition may be 
necessary to remove that doubt. The only cases in which 
an inference is made from number of instances as such is 
when it is impossible — at any rate for the time — ^to ascer- 
tain the conditions of the phenomenon in question ; and 
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then the inference only yields a certain amount of pro- 
bability.' 

We see then that the aim of induction is knoivledge of 
universal laws : that such laws are abstract, for concrete 
reality only presents us with them encumbered with ex- 
traneous detail ; that, consequently, we can reach them only 
by an analysis of facts, and in this analysis comparison 
of instances may be helpful but is not essential ; that ab- 
straction offers opportunity for error, and that, therefore, 
the form in which we think universal laws may be subject 
to modification, till they are conceived as consistently inter- 
related within a system. 

2. EEethod of Induction. — ^How then is the analysis 
of phenomena to be conducted? Since the universal is 
not directly open to observation, it can only be grasped 
by thought. A first observation gives acquaintance with 
the facts. These have no meaning apart from the nniver- 
sals which they exemplify. Hence the mind is led to con- 
jecture a universal law of relation which will make the 
facts significant, or in other words explain them. Such 
a supposition is called a hypothesis, and before it can be 
accepted it must be subjected to a careful examination in 
the light not only of the phenomena it is intended to 
explain, but also of all established knowledge which seems 
related to them. Indeed the method of induction through- 
out consists in the framing of hypotheses to explain phe- 
nomena given in experience, and the verification of those 
hypotheses by constant appeal to facts. In the process of 
examination and verification it will rarely happen that the 
original hypothesis stands as first conceived. In many 
cases it will be rejected outright; in others it will be 
pruned and re-fashioned imtil it expresses with greater 
accuracy the true nature of the data that experience 
affords. When its agreement with known reality is exact 
then its truth is held to be established. 

The testing, re-shaping, and verifying of hypotheses 
may proceed mainly by either of two methods, the one 


1 Cf. Ch. 33. 
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direct, tlio other indirect.. Tiio c-niFal relation jniiy Iw pucli 
that (ho Forjucnco lies open to obaorration. or (ho cau.no 
may BO far admit of manipuhatiou aa to Ik* controlled by 
experiment. Then (ho l>t'haviour of (ho cmiHO in relation 
to tlio effect can Iw watched to Bome extent direotha It 
is Iie’re (hat (ho methods associated with the name of Jlfill 
liavo (lioir cliicf importance.’ 'J’liey all aim at exhibiting 
to observation a Finiple causal socjuenco by moans of a 
definite variation of accompanying circumstances. 

On the other hand the indirect method make.s nso of de- 
duction. 'When a liypotbesis lias l>een formed its conse- 
quences arc inforred. Tlieso are then compared with (ho 
phenomena under iurestigution to see if tliero is agreement 
between tho two. Such agreement is the minimum test to 
bo satisfied if the hypothesis is to l>o accepted as (he stato- 
mont of a real causal relation. This method may Imj used 
as well as tho direct method in those cases where, though 
(ho cau.'o is of such a nature as to make oxix>rimcnt imjios- 
siblo, ncvorthele.'s (ho causal scquenco is ojion to obson-a- 
tion amid diverse surroundings. But its special sphere 
is found whero tho direct methods of observation and 
experiment are inajiplicablc. tldio causal relation is often 
hidden from view, and then there is no other resource but 
to devise a hypothesis which, by tho consequences it neces- 
sitates, explains tho facts ns they are. Tliis method, then, 
is necessarily used whero we are compelled to start from 
certain given effects, and from them infer tho causes, lie- 
cause direct obsenaition of the causal sequence is then impos- 
sible. This is well illustrated in the explanation of present- 
day geological phenomena by tho geologist; or in tho 
causes assigned by tho historian for tho growth of an 
institution such as Parliament. Indeed geology, history 
and the social sciences arc almost entirely dependent on 
tho indirect method as a method of investigation. 

The essence of tho method of induction is clearly put by 
Be Morgan; “Modem discoveries have not been mado 
by largo collections of facts with subsequent discussion, 
separation, and resulting deduction of a truth thus ren- 


‘ 6co Ch. 31. 
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dered perceptible. A few facts bave suggested an hypo- 
thesis, wMcb means a supposition proper to explain tbem. 
The necessary results of this supposition are worked out, 
and then, and not till then, other facts are examined to 
see if these ulterior results are found in nature. The 
trial of the hypothesis is the special object ; prior to which 
hypotheses must have been started, not by rule, but by 
that sagacity of which no description can be given, pre- 
cisely because the veiy o'wners of it do not act tmder laws 
perceptible to themselves. The inventor of hypotheses, if 
pressed to explain his method, must answer as did Zerah 
Colburn, when asked for his mode of instantaneous cal- 
culation. When the poor boy had been bothered for some 
time in this manner, he cried out in a huff, ‘ Grod put it 
into my head, and I can’t put it into yours.’ Wrong 
hypotheses, rightly worked from, have produced more 
useful results than iinguided observation.”^ 

The essential steps in the inductive method then are — 

(1) A first observation of facts. 

(2) The formation of a hypothesis suggested by this 

observation. 

(3) The deduction of the consequences of this 

hypothesis. 

(4) The testing of these consequences by a careful 

analysis of phenomena, and the consequent 
exact formulation of the hypothesis, which 
then, as expressing the true universal nature 
of reality, is verified and received as an estab- 
lished theory or law. 


‘ Budget of Paradoxes, pp. 55-56. 



CHAPTER XXVI. 


THE POSTULATES OF INDUCTION, 

1. The Bases of Generalisation. — So far as the system 
of knowledge is constituted by means of inductiro inference 
a new problem arises. Induction begins with particulars 
and establishes unirersals. The relation which is exem- 
plified here and now is extended to cover all cases of tlio 
same kind, past, present, and future. The statement" this 
or that fire bums ” is generalised into " fire burns,” and 
wherever fire may bo met with we are confident tliat its 
nature will be the same. But what right have we to afiinn 
on the ground of past experience that such will bo the 
case? How can we know that the fire that is kindled 
to-morrow will not cool instead of scorch the hand that is 
thrust too near it, or will not burst into fiercer flaine as 
water is poured upon it? The answer is that if such 
things were possible the organisation of experience could 
not be attempted, so life would be impossible. Science 
refuses to limit itself to a mere registration of phenomena 
that have come under its observation, and denies that the 
validity of the principles it discovers is restricted to the 
cases from which they were drawn. It grants that aU the 
instances cannot be examined, but it asserts that this need 
not deter us from concluding from one to aU, if the nature 
of the one is thoroughly known. 

How this position rests on two assumptions, (i) that 
nature is a unity and therefore uniform, (ii) that every 
change must have a cause. Without these assumptions no 
system of knowledge of reality could be established. They 
are the postulates of induction, and because of their funda- 
mental importance they must be considered at length. 

303 
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2. Unity of ITature. — ^We can tMnk the universe only 
as a system, which remains identical with itself, and which, 
as a whole, does not change. At the same time we know 
that there ai-e unceasing changes in the relations between 
its parts. These, then, must be thought as necessitated 
and determined by the nature of the whole. The universe, 
for example, is of such a nature that all material bodies 
attract each other directly as their mass and inversely as 
the square of their distance. If the universe as a whole 
were different, the changes within it would be different : 
the facts, for instance, which now exemplify the law of 
gravitation would be at least partly changed, or they might 
cease to exist. Similarly i£ the nature of the universe were 
different in one place from what it is in another, then the 
relations which hold in one place would not necessarily 
hold in another. The apple might fall to the groimd in 
China and soar to the slfy in Peru. We are compelled 
then to conceive nature as a unity which determines every 
relation, and consequently every change of relation, in such 
a way that those relations hold true everywhere and always 
of aU identical facts. In other words, the idea of unity 
implies that of uniformity. 

We may add that if nature were not uniform man could 
neither utilise it in fact nor conquer it in thought. There 
would be no guarantee that the iron fashioned to-day into 
a serviceable support might not to-morrow possess the 
qualities of pulp, nor that the structure planned in reliance 
on the stability of the present qualities of its proposed 
materials would ever be built. Each thing and phenome- 
non would tell of nothing but itself. We could never pass 
with confidence from one to another, never plan a moment 
ahead, never gather from experience a system of universal 
relations, since no necessary relation would exist. Experi- 
ence would then be a never-ending surprise of novelty or 
chance resemblance. Uniformity is thus seen to be a form 
without which experience would not be intelligible. 

(i) Origin of Principle. — It has been held that the 
principle of uniformity is derived from the repetition of 
phenomena in sensuous experience. Erom the recurrence 
of similar facts in similar circumstances, it is said, the 
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conclusion follows that nature acts in a uniform way. But 
this would only follow if observation gave us nothing but 
instances of uniformity. Now this is exactly what obser- 
vation does not do. “ livery person’s consciousness assures 
him that he does not always expect uniformity in the 
course of events. . . . The course of nature, in truth, is 
not only uniform, it is also infinitely various. Some pheno- 
mena are always seen to recur in the very same combina- 
tions in which we met with them at first, others seem 
altogether capricious; while some, which we had been 
accustomed to regard as bound down exclusively to a parti- 
cular set of combinations, we unexpectedly find detached 
from some of the elements with w'hich we had hitherto found 
them conjoined, and united to others of quite a contrary 
description.”* But as nature is thus at once uniform and 
multiform in the sequences of phenomena which she pre- 
sents to man’s observation, it seems obvious that the idea 
that multiformity is after all only apparent, and that if we 
examine deeper we shall find uniformity, cannot have been 
derived simply from observation understood as mere sen- 
suous experience. 

Moreover, observation in tliis sense could only give us 
an expectation that under similar conditions phenomena 
already observed will be repeated. And our expectation 
might be disappointed. It would be only a habit that hUd 
arisen from the recurrence of similar instances in the past. 
Now “ habit is within us, not outside us ,” " and we have no 
right to assume that what we have foimed the habit of 
expecting will actually come to pass. There would be no 
warrant that our mental disposition represented the course 
of nature, and hence a system of objective knowledge could 
not be built up on so slender a foundation. 

Such a derivation of the principle is open to the further 
objection that it is arrived at by a process of simple enu- 
meration. The recurrent sequences are counted, and on 
no other ground than their frequency, they are held to 
indicate uniformity. But this method of reasoning is most 


I. L. 


* Mill, Loffic, Bk. III., Ch. iii., § 2. 
^ Liard, La Logique, p. 167. 
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unsatisfactoiy, and a principle tliat owed all its validity to 
it conld not offer a firm basis for rigid scientific induction.^ 
The cogency of any such enumeration is altogether impaired 
by the existence of known instances to the contrary, and 
nature is far from exhibiting an uncontradicted uniformity. 
It is true that the apparent chaos vanishes upon deeper 
investigation. “ But it is just this ‘ interrogation ’ that has 
to be accounted for; it is only upon the supposition of uni- 
formity that we make the interrogation. How can this be, 
if the supposition is only derived from the observation of 
uniformity, an observation which presupposes the inter- 
rogation ? 

It is evident, then, that the principle of uniformity is 
not derived from experience in the sense of a mere obser- 
vation of facts. Nor is it a principle bom ready-made 
with every man, on which he consciously or unconsciously 
acts. If it were iimate in this sense the practices of super- 
stition could not have arisen, and the fabric of savage 
beliefs would have been differently woven. It would have 
been impossible to expect the horse-shoe to bring good 
luck, or the damaged shadow to work harm to the man. 
Breaches in popular maxims would long ago have de- 
stroyed their validity as popular guides to action. It is 
certaiu that even to-day a thorough-going belief in uni- 
formity is the exception rather than the rule. As Sigwart 
says : “ If we had needed merely to open our eyes in order 
to see 'uniformity in the coiuse of Nature’ everywhere 
before us, belief in the thorough-going constancy of the 
way in which causes act would not have been so slow to 
arise nor have been stiU only a scientific and not a popular 
belief ; nor would the tendency to make capricious powers, 
demons and gods, responsible for what happens in the 
umverse have been so deeply rooted.”® 

The tmth is that uniformity is implicit in experience. 
It is there long before men become conscious of it. Indeed 
life itself, even in its most rudimentary form, could not go - 
on without it. When we make it explicit we pass from 

* Cf. pp. 297-299. * Green, Phil. Worlcs, vol. ii., p. 283. 

® Logic, Eng. Trans., vol. ii., p. 111. 
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experience as felt to experience as thonglit. We tlien 
recognise that in any valid generalisation from the obser- 
vation of particular facts there is an implicit assumption 
of uniformity, and that knowledge, which is constituted on 
the basis of such generalisations, stands or falls "with its 
truth. Since the belief ^that any particular sequence is 
uniform involves the general principle, the claim that the 
principle itself arises from the repetition of particular 
uniformities cannot be accepted. 

It has become abundantly clear from our discussion that 
the principle of uniformity originates in the attempt to 
systematise experience. There is, of course, a unity in the 
experience of each individual which follows from the fact 
that it belongs to him. But practical life cannot be carried 
far without the necessity arising for a different kind of 
rmity. It is important for the purposes of action to know 
what relations hold in the real world, and so the individual 
is compelled to organise parts, at any rate, of his experience: 
for example, the hunter acts on certain practicaJ ges&T&ii- 
sations which so far unify the facts relative to the chase 
as to enable him when acting on them to bring down his 
prey with greater certainty than he could without them. 
However simple and imperfect these generalisations may 
be, they are formed and acted on with the underlying 
assumption that nature is so far constant that in similar 
circumstances the same measures will biang about the 
same results. 

It is the same when the experiences which are organised 
cover a wider and yet wider range of reality ; and when the 
conception is reached of a system of knowledge in which 
the world shall be known as a totality, with a thorough- 
going interrelation of parts, it is seen that it cannot be 
constituted except on the supposition that rmiformity can 
everywhere be token for granted. The point of view is 
no longer that of the individual seeking with more or 
less completeness to reduce his personal experience to 
unity: it is that of science which aims at unifying all 
experience. It is now natru-e as a whole which is dealt 
with, and the uniformity demanded no longer applies only 
within a narrow department of fact : it must be operative 
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throughout the universe which we attempt to explain. 
Thus the principle is a development of the reduction of 
individual expeiience to a unity, and is meant to express 
the truth that if we set before ourselves as the aim of 
induction the explanation of all experience through gene- 
ralisation, that aim cannot be realised without taking the 
uniformity of nature as a necessary postulate. 

(ii) Meaning of Principle. — Briefly the principle 
means that wherever there is identity of conditions exactly 
similar phenomena will be found. 'Wherever, for example, 
hydrogen and oxygen in certain proportions are ignited by 
an electric spark water will be formed. This meaning 
must be carefully distinguished from that which bases the 
uniformity on resemblance. hliU, for instance, expresses 
it “ that the unknown will be similar to the known, that 
the future wiU resemble the past.” * Such a general 
assumption that the future will resemble the past we have 
no right to make, and there is no necessity to make it. 
“The future,” says G-reen, “might be exceedingly unlike 
the past (in the ordinary sense of the words) without any 
violation of the principle of inductive reasoning, rightly 
understood. If the ‘ likeness ’ means that the experiences 
of sensitive beings in the future will be like what they 
have been in the past, there is reason to think otherwise. 
Present experience of this sort is very different from what 
it was in the time of the ichthyosaurus.”* Indeed the 
uniformity of natm'e does not mean monotony of experi- 
ence. Probably particular events are never repeated 
exactly: there is always some difference, at any rate in 
surrounding circumstances, which gives the event its indi- 
viduality. Yet this does not prevent us from examining 
the various aspects of events to discover the identity of 
conditions which underlie their common features. No two 
thunderstorms are alike, but the conditions on which the 
thunder depends may be ascertained. 

The other half of Mill’s assumption — that “ the un- 
known will be similar to the known” — also gives us no 
basis for demonstrative inference. Prom mere likeness 


1 Bk. III., Ch. iii., § 2. 


* Op. cit., pp. 282-283. 
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of isolated phenomena we can draw no safe conclusions 
at any time. The argument from resemblance falls short 
of proof ; there must he, as we have said, identity of 
conditions. 

Nor would it he correct to accept uniformities, hut 
reject the imity of nature. To do so would be to abandon 
the possibility of knowledge. No doubt we do seek to find 
such uniformities and to express them as laws of nature. 
Tet we do not rest satisfied with a series of independent 
sequences; we hold that the variety which appears to 
observation is just as much a part of the total system of 
the universe as are the instances of uniformity, and that 
it is equally as necessary. To bring the unifonnities 
together we endeavour to show that they are parts of the 
one system of nature within which they are inter-related. 
These considerations lead us to prefer to speak of the 
‘ unity ’ rather than the ‘ uniformity ’ of nature as the 
postulate of induction. 

(iii) Scope of the Principle. — The importance of this 
fundamental principle to the organisation of knowledge 
is well expressed by Mach. He says: “In' the infinite 
variety of nature many ordinary events occur ; while others 
appear uncommon, perplexing, astonishing, or even con- 
tradictory to the ordinary run of things. As long as this 
is the case we do not possess a well- settled and unitary 
conception of nature. Thence is imposed the task of 
everywhere seeking out in the natural phenomena those 
elements that are the same, and that amid all multiplicity 
are ever present. By this means, on the one hand, the 
most economical and briefest description and communica- 
tion are rendered possible ; and on the other, when once a 
person has acquired the skill of recognising these per- 
manent elements throughout the greatest range and variety 
of phenomena, of seeing them in the same, this ability leads 
to comprehensive, compact, consistent, aVid facile concep- 
tion of the facts. When once we have reached the point 
where we are everywhere able to detect the same few 
simple elements, combining in the ordinary manner, then 
they appear to us as things that are famiUar ; we are no 
longer surprised, there is nothing new or strange to us in 
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the phenomena, we feel at home with them, they no longer 
perplex us, they are explained.”^ 

As the expression of the ground of all uniformity this 
general postulate lies at the root of all classification as 
well as of all formulation of law. The very idea of species 
under a genus involves that different classes of things 
partake in the same general nature, and that they are 
distinguished from each other by essential and regular 
differences. Unless there were constancy of this kind 
knowledge would be impossible. If, for example, the 
attributes of iron did not persistently co-exist in a fixed 
and definite way we could not speak of iron at all, for we 
should never know what was meant by the term. The 
organisation of experience could not even begin, for cer- 
tainty would be unattainable. 

3. Function of the Concept of Causation, — One 

aspect of the uniformity of nature is so important that it 
requires separate treatment. It is that of the uniformity 
which characterises the mutually determined changes of 
relation amongst the elements of the universe. This leads 
us to the discussion of the second assumption underlying 
inductive inference — ^that every change must have a cause. 
The principle of causation is not independent of that of 
uniformity but rather the most important exemplification 
of it. 

Whenever we attempt to think experience we have to 
take account of the two factors of persistence and change. 
Things persist, and the persisting things change. If we 
regarded change as arising out of nothing and passing 
into nothing then the mind would receive a series of 
isolated impressions which could in no way be related in a 
system of knowledge. Every event would be a miracle : 
and experience would be unintelligible. To understand 
experience we must seek the origin of change in the nature 
of the changing thing and in its relations to other things. 
It is an assumption that we shall find it there, but since 
we cannot think experience in any other way, the assump- 
tion is necessary. 

* Science of Mechanics, Eng. Trans., pp. 5-6. 
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'Causation, then, is one of the forms in which alone we 
can think experience. It is, therefore, involved in all 
experience That is not the same thing as saying that it 
is consciously recognised in every case where it is acted on. 
Long before men thought about causation as such, the 
relation of cause and effect was the basis of practical 
activities. In very early times the hunter sharpened his 
arrow, and the farmer sowed his seed in the expectation 
of definite desirable results. So often does a modem 
workman go through industrial processes to-day. 

It is a far cry from such implicit recognition of causa- 
tion in practical life to its acceptance in the fullest sense 
as a universal determinant of experience. Indeed, corre- 
sponding to the degree in which individual knowledge is 
organised there are great variations in the fullness with 
which the idea of causation is grasped by different people. 
It is only the man of scientific thought who recognises that 
every event is the outcome of uniform laws, even though 
the complexity of their mode of action is hidden from him. 
“Even thoughtful men usually receive with surprise the 
suggestion, that the form of the curl of every wave that 
breaks, wind-driven, on the sea-shore, and the direction 
of every particle of foam that flies before the gale, are 
the exact effects of definite causes ; and, as such, must be 
capable of being determined, deductively, from the laws 
of motion and the properties of air and water.” ^ The 
conscious acceptance and apphcation of the general axioms 
of causation are, therefore, a higher phase in the process 
of interpreting and unifying experience than that in which 
the existence and regularity of causation are recognised 
in particular instances. 

In order to explain the changes in the world about us, 
which at first seem so chaotic, it is necessary first of all 
to ascertain what follows what, and then to account for 
this sequence by defining clearly the conditions on which 
it depends. "What this general statement of the problem 
involves can only be made clear by a fuller examination of 
the nature of causation. 


* Huxley ; Hume, p. 122. 
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4. ITatiire of Causation. — Tlie essence of tlie idea of 
cause is that -which has power to produce change, and of 
effect that it is a change which has been produced and 
not one which has merely happened accidentally. Under 
causation man first thinks his o-vm efforts to do things : 
he is the efiicient cause of the changes in the world due to 
his efforts. To know what changes follow each land of 
effort is e-vddently the only way in which he can begin to 
organise liis activities. To conceive all change as ordered 
by conditions which necessitate it is only a refinement and 
extension of this primitive idea. 

In this extension and refinement there are many stages, 
so that the popular idea of cause differs a good deal from 
the scientific conception. In the former, as is natural, one 
of the chief distinctions dra-wn between cause and effect is 
that they differ in time. Cause precedes effect, and effect 
follows cause. Obseiwation of imiform sequences gives 
this, and there the plain man stops. But to regard such 
observations as proving a universal bond would be to trust 
for our generahsation to mere enumeration of instances. 
The scientific thinker must go deeper and lay bare the 
hidden bond of identity which underlies the observed 
uniform sequences. 

Here, as always, science starts from common thought. 
Now such thought i;egards some event as a cause and a 
subsequent event as an effect. The one may follow the 
other immediately — as death on the blo-wing out of the 
brains, or at a longer or less interval — as death on the 
taking of poison. Similarly, unjust government may be 
said to cause rebellion — ^yet the people may suffer for 
many years before they rise against their tyi-ants. If 
we consider such cases we see that we are grouping 
together vast numbers of facts and events as the cause, 
and another great mass of happenings as an effect. Amid 
such complexity we cannot expect to find uniformity 
between one instance and another except in the most 
abstract sense — and an ‘ abstract ’ sense means a very 
incomplete sense and one very inadequate for explaining 
this particular set of occurrences. Tyranny has been 
shown in an enormously large number of ways diffeiing 
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widely from each other: rebellion has talcen one form in 
this country, time, district ; another in that. Tyranny and 
rebellion are very abstract terms, and teU us nothing 
definite about actual events. So with death. It is an 
abstract term denoting one aspect of occurrences all of 
which have not only their own peculiar features, but other 
common features which make it possible to classify them. 
So a doctor in giving a certificate of death specifies the 
cause as such and such a disease, mere senile decay, poison, 
a gim shot, and so on. That is to say, he substitutes for 
the very general and abstract effect ‘ death ’ the more 
specific effect ‘death of such a character because due to 
such a cause.’ 

Evidently he reaches this more definite conclusion by 
analysing the case before him. But this analysis of neces- 
sity tends to abolish, so far as it is pushed, tne time 
interval between ‘ cause ’ and ‘ effect.’ Wlien poison, or 
a disease, or mere old age, eventuates in death, it is 
because a certain condition of the body has been reached — 
and that condition does not precede death — it is death. 
Doubtless that condition was sequent on other conditions 
— ^for all existence is continuous change. But the mere 
condition at one moment cannot by itself give rise to any- 
thing beyond itseK : it is not as condition but as process 
that it passes from form to form. The reasons why the 
process goes on in this way rather than in that must be 
sought in the permanent and persistent natures of the 
factors that enter into it. When a man takes poison, for 
instance, the properties of the poison brought into effective 
relation with the bodily organism, determine a change in 
the bodily process which would otherwise have gone on 
healthily. The culmination of tliis series may be death, 
or it may be merely a more or less severe illness. If an 
antidote be taken in time this series of changes may again 
be diveited, and the process be bent in yet another direc- 
tion which may end in re-established health. 

In such cases the taking of poison or of antidote on the 
one hand, and the death, illness, or recovery on the other, 
are well marked events in time, so we make them the 
beginning and end of the event, and label them ‘cause’ and 
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‘effect’ respectively. Such a metliod is tlie only way in 
wMcli we can successfully grapple with the complexities of 
existence. But it must be noted that the whole constitu- 
tion of the event is an arbitrary act on our part. The 
taking of the poison did not begin the life-processes which 
it modified, nor did death either begia or end the pro- 
cesses of bodily disintegration. Nor are there always two 
such well-marked points. If - death ensues from senile 
decay, who can say when the decadence of old age began ? 

What we have, then, is the continuous changing uni- 
verse and the power of selecting this or that element of the 
change for examination. But if the change is continuous 
it is clear that the common distinction between cause and 
effect is only a matter of convenience and can be placed 
where it is best adapted for the purpose in hand. A 
doctor in detaihng the progress of a disease — a physicist 
or chemist in describing a natural process — will put be- 
tween the ‘ cause ’ and the ‘ effect’ of the common man an 
indefinitely large number of intermediate steps, any one 
of which ensues on changes which have gone before, and 
precedes those that come after, and may, therefore, be 
called indifferently effect or cause according to whether it 
is thought in relation to the former or to the latter. In 
some simple cases of common life this is obviously the 
case. A drop of ink on paper ‘ causes ’ a blot ; the blot 
is the ‘ effect ’ of that dropping, and so we name tlie same 
event according to whether we are looking forwards to what 
is to come, or backwards to what has been. But the con- 
tact of ink with 'paper is the blot. Cause and effect are 
different names for the same ‘ event,’ appropriate because 
we can think of that event either as a fact to be accom- 
phshed or as one already accomphshed. 

The more analysis is pushed home the nearer this point 
is reached, at which cause and effect are seen to be the 
same content regarded from different standpoints. When- 
ever the state of things — or totality of conditions — ^which 
we call ‘ cause ’ is reached there we have the phenomenon 
which we call ‘ effect.’ Whichever we name it, it is just 
one momentary phase of the continuous change which is 
what really exists. The distinction between cause and 
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effect is in oveiy case purely arbitrary so far as this con- 
tinuous vrorlcl-process is concerned. It refers always just 
to some specific problem — to tbo attempt to understand an 
arbitrarily selected piece of the constant change we see 
around us, and of which we ourselves form part. 

Our analysis will liavo enabled us to see that when wo 
speak of an effect persisting after the cause has ended 
we are using the terms only in a loose and popular sense. 
Ccssanio causa, ccssat cj/icc/us, said the old loppeal axiom; 
and in the deeper analysis to which wo have been led, wo 
see that in any sense in which the c.auso may bo said to 
cease, the effect of necessity ceases. Even in the looser 
use of terms some instances seem to exemplify this. For 
instance, the withdrawal of the weight from one scale of 
an evenly poised balance destroys the equilibrium of the 
two scales, which was the ‘ effect ’ of the equality of the 
two weights. But in most cases the opposite seems to 
hold, for the changed conditions persist in a way open 
to observation. Tlie most striking and instructive ex- 
amples are found in mechanics. A blow sots a body in 
motion, and the motion not only continues after the blow 
is ended, but, according to the law of inertia, tends to 
endure for over, and would actually do so wore it not 
counteracted by opposing ‘causes,’ such ns gravity and 
friction. Again, if a moving body comes into contact with 
one which is immovable, the former is brought to a state 
of rest, and remains in that state so long as no other in- 
fluence is exerted upon it. In this case wo may speak of 
the fixed body as the ‘ cause ’ of the cessation of movement 
in the previously moving body, just as accurately as wo 
may speak of the blow in the preceding example as the 
cause of the motion, or of poison ns the cause of death. 
But in none of the cases are we using the word with scien- 
tific accuracy ; it is the changed spatial relation combined 
with the permanent nature of each of the objects involved 
that is the true cause of the result, and that result is in 
each case nothing but the actual occurrence of that changed 
spatial relationship and the interaction of the permanent 
natures of the objects concerned which it involves. 

Our discussion, then, has led us to the conclusion that 
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tlie distinction between cause and effect is one of point of 
view. In existence they are not two but one. Neverthe- 
less, in the attempt to understand the one continuous 
process wbicb constitutes an event both the plain man and 
the scientific thinker find it well to distinguish these two 
aspects. The difference is that while the plain man is 
content with a loose temporal sequence the scientist seeks 
to define exactly the conditions which determine the event. 
No doubt, as in the case of the plain man, science has 
often to be satisfied with ‘ causes ’ which are to some 
extent removed from the ‘ effect.’ One cannot in practice 
make an infinite number of cross-sections in a process to 
show at each one the identity of the two. But the ideal 
of science is to reveal that identity in one and the same 
content and to show that it may be looked at from the 
two points of view of that which determines and of that 
which is determined. Thus the combination of hydrogen 
and oxygen in the quantitative ratio of two to one deter- 
mines that the effect shall be water, and the character of 
that effect is determined by the character of the elements 
which are combined. But the combined elements and the 
water are one and the same identical substance, and this 
substance is the content both of the cause, and of the 
effect. 

6. Axioms of Causation. — Similarly, as has been said, 
our constitution of an event with a definite beginning and 
end and a definite content is arbitrary, and determined by 
the purpose of the investigation we have in hand. The 
present arises out of the past, the future out of the pi^sent 
without a break. Of course, in many cases, the boundaries 
of what we choose to call an instance of causation are 
plainly marked for obseiwation, even as a strongly marked 
point has been seen to form often a convenient dividing 
line between cause and effect in the popular view of causa- 
tion as temporal sequence. Thus when we observe an acid 
and an alkali combine to form a salt the event stands out 
prominently from its surroimdings. But the presence of 
such well-marked boundaries does not indicate any breach 
in nature. Every stage in a process may be regarded 
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either as a cause when we are looldng forwards or as an 
effect if we look backwards. Thus, if we assign a cause to 
any event it is always possible to seek the cause of which 
the cause assigned is the effect: and the process may be 
repeated in a regress which is practically endless. For 
example, we may attribute famine to a failure of crops, 
the failure of crops to excessive cold, excessive cold to 
atmosphei'ic changes, and so' on. Only when we reached a 
conception of natm-e as a whole should we find the ter- 
minus of our thought and the explanation of the series of 
causes and effects through which we had passed. Since 
this is impossible we are compelled to consider the pro- 
cess as it were in sections, and to make limits where no 
limits exist. 

This means not only an arbitrary determination of 
starting-point and conclusion of the causal sequence, but 
a limitation of the elements which we take into considera- 
tion. The universe is such that every part determines 
every other part, but it is obvious that the totality of 
circumstances attending any change can never be taken 
into account in our analysis of the conditions of that 
change. Some of the circumstances are more immediately 
relevant than others. In a sense it may be said that the 
early history of the Homan Republic helped to determine 
the course of the French Revolution: but no one would 
think of going back so far in his analysis of causes, even 
if it were possible. The historian wondd probably content 
himself with analysing the condition of France in the 
years immediately preceding the Revolution, without, per- 
haps, asking very closely how that condition came to be 
what it was. So, too, the inventions of the eighteenth cen- 
tury were undoubtedly links in the chain of events which 
now end in a cotton strike, but there are conditions much 
nearer at hand which for aU practical purposes sufficiently 
explain it. Hence the discovery of causes virtually resolves 
itself into an attempt to find out' what elements in the total 
conditions imder which a change takes place are essential 
and material to that change and what can be disregarded. 

How the selection of relevant conditions is usually made 
in such a way that the effect is seen to follow on the cause. 
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But in our discussion of temporal sequence "we Lave seen that 
cause and effect are identical in content, and, therefore, 
cannot be successive. The apparent contradiction vanishes 
when we remember that causation, so far as it is suscep- 
tible of close analysis, is found in a continuous process 
in which we can at any number of points find identities 
of cause and effect. These have been arbitrarily grouped 
together in thought, and the point at which we choose to 
fix the end of the cause is taken to be the beginning 
of the effect which also includes a series of identities 
of cause and effect. At the junction of the two which we 
separate for purposes of thought there is no real break in 
nature. By thus choosing our limits we introduce the 
idea of temporal sequence which is not an integral part of 
causation. “ The cause acts in time : the effect goes on in 
time. The times occupied by the cause and by the effect 
succeed each other, the one ending at the point of time at 
which the other begins.”* In proportion as analysis is 
more thorough ‘cause’ and ‘effect’ are brought nearer 
and nearer together till, with the completion of the 
analysis, their identity of content is revealed and time- 
sequence disappears. 

The process of selecting the essential conditions is made 
harder by the fact that causal connexions are never given 
to us pure in nature. With the conditions relevant to the 
problem in hand are mingled many which are irrelevant, 
and it is not easy to distinguish between them. Hence 
there are the dangers, on the one hand, of omitting those 
which are essential and, on the other hand, of including 
those which are accidental : indeed, both faults may be 
committed at the same time. Common reasoning often 
fails to avoid one or other of these faults, and it is one of 
the results of the deeper thought of scientific minds to 
refine and make accurate the judgments to which such 
thinki-ng gives rise. “ Trade follows the flag ” is partly 
true and partly false. Economic analysis shows that 
trade depends on many other conditions besides such as 
security and good government, which the flag may be taken 
to connote. 

* Whewell, History of Scieniifie Ideas, VoL I., pp. 197-198. 
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This practical uncertainty in determining conditions, con- 
joined uitli the loose use of the terms cause and effect, has 
led to the denial that statements of cases of causation can 
be regarded as formally reciprocal. That “ the same cause 
always produces the same effect ” is universally recognised 
as the fundamental axiom of causation : that “ the same 
effect is always due to the same cause” is questioned. It is 
asserted that the same effect may be produced in many 
ways. For example, a charge of gun-cotton, of djmamite, 
or of cordite will blast a rock. Tou cannot, therefore, 
equate one cause to one effect: indeed for any given effect 
you may find a plurality of causes. This was the doctrine 
of Mill; he said; “It is not true . . . that one effect must 
be connected with only one cause, or assemblage of condi- 
tions : that each phenomenon can be produced only in one 
way. There are often several independent modes in which 
the same phenomenon could have originated. One fact may 
be the consequent in several invariable sequences ; it may 
follow with equal uniformity, any one of several ante- 
cedents or collections of antecedents. Many causes . . . 
may produce death.” ^ The example with which Mill ends 
shows that he is using * effect ’ in a general and abstract 
way. We have already seen that though “ many causes 
may produce death,” yet in every case just this form of 
death is the expression of just this set of conditions — 
otherwise coroners’ inquests would be futile. Indeed, if 
it be once grasped that ‘ cause ’ and ‘ effect ’ are simply 
different names for the same reality according to whether 
we are looking forwards or backwards ; that cause is the 
totality of conditions looked at as conditioning, while effect 
is the same totality regarded as conditioned, then it is 
plain that cause and effect are exactly equated. A change 
in the totality of conditions is a change, whether we call 
the totality cause or whether we name it effect. - 

True, in any particular instance we may feel that we are 
not justified in regarding our statement of the causal rela- 
tion as reciprocal, but that is because we are not certain 
that it is adequate — ^that the whole of the essential con- 


* Logic, Bk. III., x., § 1. 
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ditions have been correctly sorted out. When we do feel 
that certainty we do regard the statement of the causal 
relation as reciprocal. Thus the statement that the com- 
bination of hydrogen with oxygen in certain definite pro- 
portions always produces water is held to state a reciprocal 
relation, that is, to be simply convertible, and we feel equal 
confidence in asserting that pure water can be completely 
resolved into those two gases in those exact proportions. 
It is the same in all cases of scientific experiment where it 
is possible to mate sure that all the essential conditions are 
known and are secured, and that no others are present 
which can modify the result. Thus in every case where 
the establishment of a causal relation is certain, that rela- 
tion is established as a reciprocal one. 

The popular idea of the non-reciprocal character of the 
fundamental axiom of causation is due to the fact that 
the ‘cause’ is much more frequently analysed than the 
‘ effect ’ — using those words in the popular sense of tem- 
poral antecedent and consequent phenomena. 

The causal relation is determined most exactly when the 
amount of change can be measured. This is frequently 
possible in the physical sciences, and two principles are 
assumed to aid in this determination — the indestructibility 
of matter and the conservation of energy. The first states 
that whatever re-distribution of matter results from the 
change the total amount must remain the same. This 
principle is most serviceable in chemistry: thus when 
sodium and chlorine combine to fonn common salt, which 
differs considerably in its properties from both its consti- 
tuents, the weight of the compound must equal the sum of 
the weights of its separate elements. The other principle 
expresses the fact that in any physical system the amount 
of energy remains the same whatever the changes that take 
place within it. The system has a certain capacity for 
work before the change : it possesses the same capacity for 
work after the change. The energy need not continue in 
the same form. The motion of a body, for instance, 
impinging on another body is partly transformed into 
sound and heat. If each form of energy is measured in 
the same unit the number of units before impact can be 
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equated -mtli the . number after impact. The two prin- 
ciples may be summed up in the statement that the cause 
equals the effect. 

The axioms of causation may bo briefly stated as 
follows — 

1. Eyery event must have a cause. 

2. The same cause always produces the same effect. 

3. The same effect is always duo to the same cause. 

4. Cause and effect are equal in amount of energy. 


21 



CHAPTER XXVn. 


OBSERVATION. 

1. The Basis of Science. — All the sciences aim at 
explaining the facts of experience. It is, therefore, evident 
that they must rest on an exact knowledge of those facts. 
When the facts are wrongly thought, the theories invented 
to explain them will be erroneous. But knowledge of facts 
is gained in the ultimate resort only by observation. Hot 
only at the beginning of an investigation but throughout 
its whole course, the enquirer must get in touch with 
facts. 

Hence, logic must recognise that observation is an in- 
tegral part of an inductive enquiry, and though no formal 
rules can be laid down for its conduct, yet its nature must 
be examined. So will appear the general conditions of 
sound and fruitful obseiwation, and the general ways in 
which observation is most liable to error. 

How when we simply observe, without attempting to 
change in any way what we are observing, we have obser- 
vation pure and simple — observation in its most direct 
form. The analysis of the phenomena we are studying is 
purely mental. When we attempt to modify and deter- 
mine what we are observing we have observation brought 
into bondage to the purposes of our thought, and made to 
answer definite questions. This is experiment, the great 
hand-maiden of science. . 

Science is, however, a co-operative movement in which 
each worker avails himself of the results of others. Such 
results are communicated in speech or writing. Sometimes 
they can be tested by fresh observations, at others they 
cannot. Then the whole basis of the structure built upon 
them rests on the accm'acy of the reports of the origmal 
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obsers-ations. “With tliis also logic is concerned. So our 
enquiry brandies out in a tbree-fold direction, and -we 
must consider in tium tbe nature of observation, of experi- 
ment, and of testimony. 

2. Simple Observation. — ^To observe seems simplicity 
itself, and in any particular case ive find it difficult to believe 
that “tbe testimony of our senses” cannot be implicitly 
trusted. Doubtless ive grant that we have made mistakes 
— we have taken a stranger for a friend; we have mis- 
understood what was said to us ; we have read words in 
the printed page which were not there instead of those 
that were. But at the moment of experience nothing 
seems more certain than this testimony. What we see, 
hear, touch, taste, or smell, has an impressive directness 
wliich admits of doubt much less readily than do construc- 
tions of our thought which are not determined by im- 
mediate sense-experience. So also we find it hard to 
believe that our memories of such experiences are at fault ; 
yet careful examination has proved that this is so to the 
extent of at least twenty-five per cent. Indeed, there is 
nothing more common than for "the senses to play us 
false” as we say. It is a commonplace that only the 
artist’s eye observes the colours of a scene, light and shade, 
as they are. Every illusion tells the same tale. “ When 
I look at a brick viaduct, a mile or two off, I appear to 
myself to recognise its redness. In fact, however, the im- 
pression of colour which I receive from the object is not 
that of brick red at all, but a much less decided tint, which 
I may easily prove by bending my head downwards and 
letting the scene image itself on the retina in an unusual 
way.”* Moreover, the observer tends to experience what 
he expects to experience. “ An officer who superintended 
the exhuming of a coffin rendered necessary through a 
suspicion of crime, declared that he already experienced 
the odour of decomposition, though it was afterwards 
discovered that the coffin vras empty.”* It is the same 
with observations carried out for scientific purposes. The 


* Sully, Illusions, p. 88, . * Ibid., p. 108. 
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astronomer wlio is •watcliing for the appearance of a par- 
ticular star -will tend to see the first ray of light before it 
comes Tyithin his line of vision. Important points are 
equally hkely to be omitted. Before the labours of Venetz 
many keen geologists had worked in valleys once occupied 
by glaciers, and failed to see the evident marks of glacial 
action. There is, therefore, more in observation than the 
bare reception of impressions through the senses. It in- 
volves also interpretation and selection. 

It is here that we find the possibility of error. It is 
certain that physiologically each external stimulus leads 
to the appropriate nervous response. If we mistake a 
stranger for a friend it is not because there is a wrong 
image on the retina : it is that the image actually there 
has evoked the wrong set of ideas in tbe mind. This 
evoking of ideas is the one and only manner in which 
what is present to the body is also present to the mind. 
The majority of things which surround us every moment 
fail to evoke any clear ideas : we do not notice — or observe 
— them at all. 

If we examine the process we see that it is inferential — 
that is, that from what is directly given a conclusion is 
drawn which is not directly given. Take the simplest 
case of all — that of recognition. If a man looks at an 
orange and says “ That’s a Jaffa,” he is stating what is 
certainly not given directly by the sense impressions which 
reach his eye. Yet the judgment is immediate, and does 
not point to anything beyond itself which would justify 
the statement. But if the question were asked. How do 
you know? he might proceed to call attention to the 
shape, and to assert that all Jaffa oranges have the same 
shape, namely that of the example before him, and hence 
that his original assertion was correct. To strengthen his 
conclusion he might add that it could not be any other 
variety, for instance a Tangerine, because of the absence 
of certain characteristics of size and so forth by which 
that variety is distmguished. How although the judg- 
ment “That’s a Jaffa,” is seen on analysis to involve 
inference, we do not commonly call it an inference because 
it contains no direct reference to the grounds on which it 
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is made. "Wlien, lioirever, in response to some challenge 
the reasons for the judgment are given explicitly, vre 
have the fully developed inference ivith ivhich logic is 
concerned. 

When this inference is made explicit it is seen to take 
the form of a syllogism in the second figure — 

Jaffas have qualities ahc. 

This orange has the qualities ahc, 

Therefore, this orange is a Jaffa. 

The fact that the middle term is undistributed shows that 
formally the conclusion is only one of a greater or less 
amount of probability : hence, the possibility of error. 

We have dealt with the very simple case of recognition 
because it is evident that if that involves implicit infer- 
ence, and is liable to error, much more will this be the 
case with the more elaborate observations on which science 
is built. Throughout, observation is seen to depend iiot 
simply or even mainly on the integrity and firmness of the 
senses, but on the accuracy of the interpretation given by 
the mind. 

We have pointed out that always the greater part of the 
sense impressions we receive pass unnoticed: in other 
words that all observation is Beleciive. WTiat we select to 
observe is determined by the purpose in hand, that is by 
the explicit or implicit question our mind asks of reality. 
The fruitfulness of our observation will depend on the 
perfection of our choice. And this is also inference, 
guided by pertinent knowledge. For we may disregard 
what is really essential. In the days when chemistry was 
almost exclusively qualitative, the weight of the products 
of chemical action, though occasionally recorded, was re- 
garded as unimportant. It was not until the time of 
Cavendish and Lavoisier that this quality was selected as 
of the first importance in chemical enquiry. ITor would it 
t have occurred to them to give such prominence to the 
balance had they not been expert chemists as well as men 
of insight. 

On the other hand the selection may be vitiated , by 
laying too much stress on what is trivial and incidental. 
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But tow can tte selection be rightly made ? There are 
no rules. Both the intelligence with which the phenomena 
to be observed are selected, and the power of finding 
meaning in the observations when they are made, depend 
upon the character of the mind of the observer — not only 
upon previous Imowledge, though that is essential, but 
also upon that special insight which marks the true dis- 
coverer. A strict impartiality open to every impression 
would defeat itself, but to appraise correctly what is 
presented requires abundant knowledge in the department 
of science to which the investigation belongs. Moreover, 
the growing recognition of a fundamental unity in the 
sciences emphasises strongly the need for a considerable 
acquaintance with sciences which are collateral with the 
particular one which the worker has made his own. Only 
so can the facts be appreciated at their true worth. What 
is found in any object examined is largely determined by 
what the mind brings to the examination. A piece of 
machinery means more to an engineer than to an observer 
with equally good sense-organs who is ignorant of 
machinery; the former, indeed, actually sees more in it 
than does the latter. 

It is the same in the domain of scientific research. 
Count Eumford in 1798 “while engaged in the boring of 
brass cannon at the military arsenal in Munich . . . was 
struck by the high temperatru’e of the metallic chips thrown 
off, and by the excessive development of heat during the 
process.” ‘ The observation was not barren, for it led 
him to make certain experiments by which he showed 
that there was a relation between work done and the 
amount of heat generated, though it was left to Joule 
to determine the relation exactly. Tet the facts must 
have been perfectly familiar to the workmen engaged: 
to the mind of the Count, prepared by wider knowledge, 
they meant more. 

After some time spent in the pursuit of any branch of 
knowledge, an investigator comes to recognise almost 
intuitively the kind of conditions to which it wiU bo 


^ Preston, Thedry of Heat, p. 39, 
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Tvell for Mm to pro heed. His increasing knowledge 
makes it possible for him to detect with greater readiness 
the bearing of the facts as they are given, and so to isolate 
in thought the essential from tho unessential. But there 
will always remain individual differences in knowledge and 
in insight. “ The role of the mere observer must always 
be a humble one, even in the case of those sciences wMcli 
offer liim the most abundant scope. Tho true ‘ seer,’ 
indeed, is the rarest of all discoverers : but the true seer 
is one who brings to Ms observation more than ho finds in 
it. The drudgery of the patient interrogator of nature is 
made divine only when it is inspired by ideas wMch are 
not objects of observation.” * 

3. Danger of Bias, — Since the mind has so large a 
share in the practice of observation it is difficult, even with 
the utmost candour and a sincere desire for truth, to dis- 
tinguish what is perceived from what is inferred. The 
difficulty is rendered greater by the liability of most men 
to be tmconsciously the victims of bias and prejudice. 
Beliefs that have been handed down by tradition or that 
are the outcome of previous investigation become hardened 
by use and custom until they are acted on as inviolable 
truths. Prepossessed by such shadows of Imowledge men 
are apt to attend only to those facts wMch support their 
prejudices or preconceived theories, and to neglect those 
that tell against them, or even it may be to e.\:plain them 
away in the interests of their prior notions. Before the 
discovery of oxygen bodies when heated were thought to 
give off a special substance named ' phlogiston.’ When it 
was foimd that metals so heated became heavier, the 
apparent contradiction was resolved by supposing pHo- 
giston to have a negative weight which diminished the 
true weight of compounds in which it was present. So 
the theory was saved, and the progress of chemistry re- 
tarded.- 

The difficulty is especially felt when a possible explana- 


* Mackenzie, Inlrod. to Social Philost^hy, p. 13. 

* See Von Meyer, Hhtory bf Chemistry, Ch. iv. 
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tion of certain plienomena has been conceived, and an appeal 
is being made to the facts to establish the truth or falsitj 
of the conception. The mind is apt to hold fast with a 
singular tenacity to theories of its o-wn invention, and “ it 
is difficult to find persons who can with perfect fairness 
register facts for and against their own peculiar views.” ' 
It is, therefore, essential to cultivate an attitude of detach- 
ment towards the hypotheses which guide for the time being 
the course of enquiry. This implies an equal readiness to 
give duo weight to instances which appear to negate the 
suggested explanation as well as to those which strengthen 
it, and, if need be, to banish ruthlessly the most cherished 
theory which runs counter to the facts. 

The qualities of mind which disregard the influence of 
bias cannot be brought under logical rules. They may be 
summed up in the requu-ement that the observer should 
incessantly submit himself to the discipline of fact. ” Man 
must submit his idea to nature as it were trembhngly, and if 
nature rejects it, he must not stiffen himself against her, 
and talce upon himself, which were a useless thing to do, 
to lesson her, laying down for her the law : he must yield 
to nature and renounce his idea.” ® 

4. Scientific Instruments. — If men were confined to 
their unaided senses as means of observation the area of 
Imowledge would be considerably contracted. Each sense 
has but a limited range, and there are some natural 
phenomena, such as those of electricity, for the direct 
detection of which no sense exists. But what cannot he 
directly perceived may be prepared for obseiwation by the 
use of scientific instruments. An object too small or too 
distant to be seen, a sound too low to be heard, are 
rendered evident by microscope, telescope, or microphone. 
So also an event too swift, a scene too extensive to leave 
a clear impression on the retina may be faithfully recorded 
on the photographic plate : the composite stnicture of 
light which the eye has no power to decompose is revealed 
through the spectroscope. 

^ Jovons, principles of Science, p. 402. 

* Rabier, Logique, p. 103. 
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To extend tlie range of olDservation is not the only 
service which instruments can render: they also increase 
its exactness. "We can judge weight hy the hand, but not 
■with the accuracy of the balance : "we can distinguish 
temperature hy the sldn as greater or less, but not -with 
the certainty of the thermometer. And in many -ways 
phenomena may be registered and measured which would 
either escape detection altogether or which would be im- 
perfectly realised in their quantitative relations. 

ISTow all scientific instruments have gro-wn out of previous 
Imowledge, and embody much Imowledge in themselves. 
They contribute greatly, therefore, to the advance of 
science. But their use is dependent for its accuracy and 
fruitfulness on the qualities of the observer. Only a man 
of great shill and weU-versed in science can employ many 
of the most accurate instruments, because he alone can 
turn to practical account the knowledge they embody, and 
can detect and allow for errors incidental to their use. 
“ Sldn in modem laboratory work is as far out of the reach 
of the untaught as performance on a musical instmment.” ' 

In many cases the use of instruments makes no change 
in the phenomena, but only in the conditions under which 
they are observed. It is still observation, but it implies 
not only the inference implicit in all obseiwation, but also 
that involved in applying the knowledge embodied in the 
instrument. Thus we may have to infer that the object 
focussed in the microscope is one hundred times smaller 
than it looks, or that a certain deflexion of the galvano- 
meter indicates a current of a certain strength. The 
accuracy of the observation depends upon the correctness 
■with which the instmment expresses ascertained trath, as 
well as on the competence of the observer. 

5. Observation by Experiment. — ^The use oi scienti- 
fic instruments is one aspect of the transition from simple 
observation to experiment. It is better to regard it in this 
light than to speak of the modified arrival of sense-im- 
pressions of phenomena through instruments as being 

' Sir T. Clifford Allbutt : Article on Medicine in Enc. Brit., 11th edn. 
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really experiment. The latter name is not appropriate 
imless the instrument modifies the object which is being 
observed. Thus we invariably speak of observing with a 
telescope or a microscope. The distinction is veiy clearly 
put by Dr. Bosanquet : “ The fact is then that experiment 
is not merely observation under artificial and determinable 
conditions but observation under determinate conditions 
which constitute an integral part of the image or product to 
be observed. Thus common dissection is not experiment, 
though it introduces conditions in the way of separation 
and demarcation as definite as anything can be : but 
vivisection is experiment, because the determinate con- 
ditions it produces enter as factors into the action of the 
organism observed.”^ This raises the further question as 
to the relation between observation in general and experi- 
ment. 

The end aimed at in observation is a full and exact 
knowledge of all the conditions without which the pheno- 
mena ohseiwed would not occur. If these conditions 
were presented in isolation, the task of the observer would 
be comparatively simple. But this is not the case. They 
are as it were overlaid with many other elements which 
obscure them from view, and often an analysis which is 
purely mental is not sufficient to get rid of these factors 
which do not directly contribute to the result under inves- 
tigation. By varying as much as possible the circum- 
stances imder which the observation is made something 
may he done to eliminate what is unessential. If at dif- 
ferent times and in different places with varied surrotmd- 
ings we find the same features recurring again and again, 
there is some probability that their persistence amid con- 
siderable change is an indication that among them the 
true conditions ai'e at least included. To that extent the 
area of enquiry is narrowed. 

Such observation under varied circumstances is closely 
akin to experiment, and differs from it only in degree. 
This has been well expressed by Jevons, who gives to it the 
name of “natural experiment,” and thus describes his 


^ Logic, Vol. ii., p. 146. 
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meaning : “ It may readily be seen that we pass upwards 
by insensible gradations from pure observation to deter- 
minate experiment. Wben tbe earliest astronomers simply 
noticed tbe ordinary motions of tbe sun, moon, and planets 
upon tbe face of tbe starry heavens, they were pure ob- 
servers. But astronomers now select precise times and 
places for important observations of stellar parallax, or 
tbe transits of planets. They make tbe earth’s orbit tbe 
basis of a well arranged natural experiment, as it were, 
and take weU considered advantage of motions which they 
cannot control. Meteorology might seem to be a science 
of pure observation, because we cannot possibly govern 
tbe changes of weather which we record. Nevertheless we 
may ascend moxmtains or rise in balloons, like Guy-Lussac 
and Glaisher, and may thus so vary the points of observa- 
tion as to render our procedure experimental. We are 
wholly unable either to produce or prevent earth-currents 
of electricity, but when we construct long lines of tele- 
graph, we gather such strong currents during periods 
of disturbance as to render them capable of easy observa- 
tion,” ‘ 

But the observer, whether he has recourse to simple 
observation or to “ natural experiment,” is hampered in his 
endeavours to discover the essential conditions of pheno- 
mena. He cannot go far by those means alone, for he is 
compelled to wait on nature. Now nature may present 
him with instances in abundance, but of such complexity 
that he cannot disentangle them. On the other hand, they 
may be of such rarity that adequate investigation becomes 
difficult or impossible. Again, there are processes of nature 
as swift and transient as the lightning, and others so slow 
and gentle that they escape observation. As Lavoisier 
remarked, the decomposition of water has been continually 
going on, though none had observed it before his time. 

But however alert and active the mind of the observer 
may be, his activiiy in every case is limited to the exami- 
nation of conditions that he can neither determine nor 
modify. He must make the best of what is given him 


^ Principles of Science, pp. 400-401. 



332 


OBSEBTATION. 


[CH. 27 

It is liere tliat experiment comes to the aid of simple obser- 
vation by supplying a means of control over natural con- 
ditions, By isolation and combination of physical agents 
it can so manipulate them as to determine in many cases 
the conditions under which the phenomena to be examined 
occm*. Such definitely determined observation is what is 
meant by experiment. 

Wherever experiment is possible it will clearly be ad- 
vantageous to resort to it in preference to simple observa- 
tion. Instead of the medley of conditions, some known, 
others unlmown which nature presents, there will be an 
assemblage of conditions in greater part detennined by the 
observer, and therefore known. Whatever is irrelevant or 
likely in any way to interfere with the phenomena under 
investigation will be as far as possible excluded. Factors 
believed to affect the result will, so far as they are under 
control, be varied in intensity and introduced or removed 
at wiU ; and the differences, if any, Avill be carefully noted. 
•In this way those conditions which are unessential wiU be 
eliminated with greater accuracy and ceidainty than would 
be possible to a purely mental analysis. 

Moreover there is no long waiting on nature. Experi- 
ments can be repeated as often as is necessary. They may 
be devised so as to produce effects that throw an important 
light on phenomena, although these effects are never pro- 
duced by nature herself. “ Experiment invents original 
phenomena which nature left to herself never realises ; for 
example, the fall of bodies in a vacuum, the liquefaction of 
hydrogen and oxygen. The chemist creates in his labora- 
tory many compound bodies which do not exist outside 
it.”* In this way knowledge advances more surely and 
rapidly than would be possible were men confined to simple 
observation. It is only by the use of experiment that in- 
stances can be sufficiently vailed in the points of identity 
and difference to show clearly and simply what the essential 
conditions are. And these can often be determined with 
a quantitative precision. 

It would therefore he a mistake to set up any opposition 

• Rabier, La Logique, p. 115. 
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between observation and experiment. Botb aim at estab- 
lishing the exact conditions upon which phenomena de- 
pend, but the element of control in the latter case mahcs 
observation more efficient than it would otherwise bo. 
Indeed it is not too much to say that without experiment 
physics and chemistry would have been unable to make 
any serious advance. There are, however, other depart- 
ments of knowledge in which observation must always bo 
the prime resource. Some natural processes aro so slow 
that experiment is impossible. The geologist, for example 
in tracing the history of the earth is confined to observa- 
tion as to the structure and formation of rocks and the 
occurrence of fossils ; the biologist is unable to experiment 
on the evolution of species ; the historian cannot experi- 
ment with the past. On other grounds the doctor and the 
politician are limited in the experiments it is permissible 
to make. 

6. Aim of Experimeiit. — Appeal to experiment is, 
then, necessary whenever simple observation alone will not 
make plain all the essential conditions of a phenomenon ; 
and its object is to eliminate all conditions which are not 
specially operative in the particular case imder considera- 
tion. "When this has been done successfully we have one 
or more hypothetical judgments of the form jy S is 
a then it is x. Here x will stand for a known element in 
the phenomenon and a for the condition upon which it in- 
variably and necessarily depends. Now we can only be 
sure that this relation is invariable and necessary if we 
establish the reciprocal proposition: If S is x then it 
is a as well as the pure hypothetical, If S is a it is x. 
There is no other way of doing this than by examining 
instances of the absence of a (a), and so trying to show 
that when a is absent, x is also absent (x) ; in other 
words to establish the judgment If S is a then it is Jr. 
Hence in every conclusive experiment there is comparison 
of the phenomenon both in the presence and in the absence 
of that particular condition we are investigating. 

This latter — ^which is what chemists sometimes call a 
Blind Experiment — is absolutely essential to the establish. 
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ment of tlie reciprocal judgment. But it is more difficult 
than the positive experiment ; for sometimes the effect may 
really he present but be so small that it either escapes 
notice altogether or is included in a larger effect and con- 
founded with it. A striking instance of this is the fact, 
already referred to, that though many experiments had 
been worked on the constitution of the atmosphere, yet 
argon so long escaped notice. Jevons quotes a very in- 
structive example of the difficulties of negative experi- 
ments. He says : “ A curious instance of false negative 
inference is furnished by experiments on light. Euler 
rejected the corpuscular theory on the ground that par- 
ticles of matter moving with the immense velocity of light 
would possess momentum, of which there was no evidence. 
Bennet had attempted to detect the momentum of light 
by concentrating the rays of the sun upon a delicately 
balanced body. Observing no result, it was considered to 
be proved that light had no momentum. Mr. Crookes, 
however, having suspended thin vanes, blacked on one 
side, in a nearly vacuous globe, found that they move 
under the influence of light. It is now allowed that this 
effect can be explained in accordance with the undulatory 
theory of hght, and the molecular theory of gases. It 
comes to this — ^that Bennet failed to detect an effect which 
he might have detected with a better method of experi- 
menting ; but if he had found it, the phenomenon would 
have confirmed, not the corpuscular theory of light, as was 
expected, but the rival undulatory theory. The conclusion 
drawn from Bennet’s experiment was falsely drawn, but 
it was nevertheless true in matter.”* Again, some condi- 
tions — e.g. gravity — cannot be removed, and in experi- 
menting on phenomena in which such permanent condi- 
tions are essential, the experimenter is reduced to varying 
their intensity as far as possible. 

To render a negative experiment conclusive is therefore 
difficult, though it is at the same time essential. Such a 
conclusion can be justified only on the assumption that 
our analysis excludes aU inoperative elements and them 


* Principles of Science, p. 435. 
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onlj. But in every investigation, owing to the incomplete- 
ness of our knowledge, there is a residue of unanalysed 
phenomena which is regarded as indifferent to the relation 
we are trying to establish ; and this in addition to those 
elements which are disregarded because previous know- 
ledge of their nature makes it improbable that they need 
be considered in the given case. The exclusion of possible 
conditions in either of these directions may bo at fault. 
Such an arbitrary limitation can only be made with any 
probabilify of justification by one who has large and 
varied, as well as systematic knowledge, both of the sub- 
ject under investigation and of kindred subjects. For 
effective experiment, even more than effective observation, 
is conditioned by the Icnowledge and insight of the man of 
science who devises the experiment, whether ho carries it 
out himself or not. 

In all cases where the phenomena are complex this 
limitation through exclusion is, therefore, liable to error. 
Such error can only be detected by extremely careful and 
varied experiments to determine whether any condition is 
operative which had not been suspected, and had, there- 
fore, been relegated to the realm of concomitants t^t it is 
thought need not be taken into consideration. An experi- 
ment of Pouchet affords a strildng example. “ He filled a 
bottle with boiling water, hermetically sealed it with the 
greatest care, and plunged it upside down into a basin of 
mercury. When the water was quite cold he uncorked the 
bottle under the metal, and introduced into it half-a-litre 
of pure oxygen gas . . . [He] then introduced a minute 
bunch of hay which had been enclosed in a corked bottle, 
and exposed in a stove for a long time to a temperature of 
more than 100 degrees.” ‘ Living organisms developed in 
the hay. He concluded that since he had excluded all 
germs from the water, the hay, and the oxygen, life had 
been spontaneously generated. “Pasteur thus criticised 
the experiment of Pouchet; ‘This experiment is irre- 
proachable, but irreproachable only on those points which 
have attracted the attention of its author. I will demon- 


‘ Louis Pasteur, p. 96. 



336 


OBSBEVATION, 


[CH. 27 

strate before you that there is a cause of error 'wliicb 
M. Poucbet has not perceived, Tvliicb be bas not in tbe 
least suspected. ... I ■will prove to you, in short, that it is 
tbe mercury wbicb carries tbe germs into the vessels.’ . . .”* 
A number of experiments were carried out which estab- 
lished the truth of this assertion. 

7. Fallacies incident to Observation. — ^As all in- 
ductive inference starts from concrete phenomena as the 
basis of every hypothesis, and continually returns to con- 
crete phenomena as the test of accuracy, it is evident 
that its validity depends dii-ectly upon the correctness 
and pei'fection of the observations of reality upon which 
it is based. But obseiwation of given phenomena is a 
process of extreme difficulty and delicacy, and, conse- 
quently, one in which it is very easy to go •wrong. The 
conditions which must be fulfilled by a perfect observation 
have already been set forth. We will now consider the 
main kinds of error to which observation is liable. Error 
which is due to mere personal idiosyncrasy or to careless- 
ness, we are, of course, not concerned with. Logic only 
considers those sources of error to which observers in 
general are subject. 

In the fir-st place, then, as MiU points out, “ a fallacy of 
misobservation may be either negative or positive ; either 
Eon-observation or Mal-observation. It is non-obseiwa- 
tion when all the error consists in overlooking, or neglect- 
ing, facts or particulars which ought to have been observed. 
It is mal-observation when something is not simply im- 
seen, but seen -wi’ong ; when the fact or phenomenon, 
instead of being recognised for what it is in reality, is 
mistaken for something else.”'' It wiU be most convenient 
to consider these two classes of imperfect observation in 
succession. 

(i) KTon-observation. — ^It has been pointed out that all 
observation implies selection and isolation of phenomena. 
In making this selection it is evidently easy to oveidook or 
to neglect either instances or conditions which are perti- 


1 Louis Pasteur, p. 96. 
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nent to the matter in hand. The former would be most 
likely to happen in the earliest stage of inductive enquir}', 
when by simple enumeration of instances an attempt 
is made to determine exactly what is the character of the 
phenomena to bo explained. The latter would bo most 
easily committed at a later stage of the process, when 
an analysis of phenomena has been entered on for the 
purpose of testing and moulding a hypothesis. 

(a) Neglect of Instances. Probably the most fertile 
source of the error of passing over instances pertinent to 
the subject in hand is bias. We have a natural tendency to 
dwell upon instances which make for the theory we would 
like to see established, or which we have liitherto held, 
and to treat as of no importance those which make against 
it, or even to neglect to consider them at all. A striking 
example of this is mentioned by Mill : “ The opponents of 
Copernicus argued that the earth did not move, Ijecause if 
it did, a stone let fall from the top of a high tower would 
not reach the ground at the foot of the tower, but at a 
little distance from it, in a contrary direction to the earth’s 
course ; in the same manner (said they) as, if a ball is let 
drop from the mast-head while the ship is in full sail, it 
does not fall exactly at the foot of the mast, but nearer to 
the stem of the vessel. The Copernicans would have 
silenced these objectors at once if they had tried dropping 
a ball from the mast-head, since they would have found 
that it does fall exactly at the foot, as the theory requires; 
but no ; they admitted the spurious fact and struggled 
vainly to make out a difference between the two cases.”' 
This influence of bias is not surprising when it is remem- 
bered how largely observation involves implicit inference 
and is guided by previous knowledge. 

A very common form in which non-observation of in- 
stances appears is when attention is directed to positive 
instances, whilst negative instances are neglected. This 
originates in a kind of natural tendency of the mind to be 
impressed by any occurrence and to omit to notice non- 
occurrence. To this are due many superstitions which take 


I. L. 


' Logic, y., iv., § 3. 


22 



338 OBSERVATION, [CH, 27 

tlie general form of attributing causal connexion to vrbat 
is merely casual coincidence. For instance, the belief in 
the prophetic character of dreams is based upon taking 
note of the few cases in which a dream bears some resem- 
blance to succeeding or simultaneous events, and passing 
over entirely those infinitely more numerous cases in which 
the dream is not ‘fulfilled.’ The theory of probability 
would prepare us to expect some such coincidences — 
especially as a small degree of resemblance is always 
liberally interpreted — and that without any necessary con- 
nexion. “In former generations,” remarks Dr. Fowler, 
“ ‘ coincidences ’ of this kind were regarded not simply as 
‘ curious ’ and ‘ remarkable,’ but as proofs of some causal 
connexion between the events. To talk of a person was 
supposed to render his presence more likely; a verified 
pre^ction was regarded as evidence of second-sight; and 
a comet which was observed to be followed by a war was 
supposed to be, if not the cause of the war, at least a 
messenger sent from Heaven to proclaim its approach.” ' 

Here the unconscious influence of bias and prejudice 
plays an important part — “ He answered well, who, when 
the pictures of those who had fulfilled their vows after 
escaping the peril of shipwreck were shown him hung up in 
a temple, and he was pressed with the question, did he not 
after this acknowledge the Providence of the Gods, asked 
in his tiun, ‘ But where are they painted who, after vowing, 
perished ? ’ The same is the method of almost evexy 
superstition, as in astrology, in dreams, omens, judgments, 
and the like; in which men who take pleasure in such 
vanities as these attend to the event when it is a fulfilment ; 
but where they fad, (though it be much the more frequent 
case,) there they neglect the instance, and pass it by.”* 

One other danger of non-obseivation must be noticed — 
the tendency to infer that because a phenomenon has never 
been noticed it is non-existent. To what extent such an 
inference is justifiable depends upon the improbability that 
the phenomenon would have escaped observation had it 

* Induclive Logic, p. 256. 

X ® Bacon, Nomm Orgavxm, tr. by Kitohin, § 46. 
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existed. As Jevons says, " Tlie earth’s surface lias been 
sufficiently searched to render it highly improbable that 
any terrestrial animals of the size of a camel remain to 
be discovered.”* But the smaller the phenomenon the 
more likely it is to escape observation. A good instance 
of this is the length of time during which the existence of 
argon, as a constituent of the atmosphere, was unsus- 
pected. 

When a proposition is accepted on merely negative 
evidence, care should be taken to make that evidence as 
complete as possible. An excellent example of this care is 
seen in the investigations which led Darwin, on purely 
negative evidence, to conclude that certain orchids secrete 
no nectar. Many observations both of German naturalists 
and of Darwin himself seemed to point to this conclusion, 
but, says Darwin : “ hTotwithstanding these several facts I 
still suspected that nectar must be secreted by our common 
Orchids, and I determined to examine 0. mono rigorously. 
As soon as many flowers were open, I began to examine 
them for twenty-three consecutive days : I looked at them 
after hot sunshine, after rain, and at all hours : I kept the 
spikes in water, and examined them at midnight, and early 
the next morning : I irritated the nectaries with a bristle, 
and exposed them to irritating vapours: I took flowers 
which had lately had their poUinia removed by insects, of 
which fact I had independent proof on one occasion by 
finding grains of some foreign pollen within the nectary ; 
and I took other flowers which, judging from their position 
on the spike, would soon have had their poUinia removed ; 
but the nectary was invariably quite dry. ... I one day 
saw various kinds of bees visiting repeatedly the flowers 
of this same Orchid, so that this was evidently the proper 
time to examine their nectaries; but I failed to detect 
under the microscope even the minutest drop of nectar. 
So it was with the nectaries of 0. maculata at a time when 
I repeatedly saw flies of the genus Empis keeping their 
proboscides inserted into them for a considerable length of 
time. Orchis pyramidalis was examined with equal care 


’ Od. cit., p. 412. 
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•\vitla tile same result, for tlie glittering points witHn tlie 
nectary were absolutely dry. We may therefore safely 
conclude that the nectaries of the above-named Orchids 
neither in this country nor in Glermany ever contain 
nectar.”* 

(6) Neglect of Operative Oondiiions. In every ex- 
amination of concrete reality a residue of unanalysed 
elements remains, and this opens out a possibility of leaving 
out of consideration some element which is an essential 
part of the phenomena we are investigating. The whole 
intention of all inductive methods is to eliminate those 
elements, and those elements only, wliich are not operative 
in respect to the aspect of reality under examination. In 
a science still so largely in the empirical stage as medicine, 
this fallacy is stiU not unknown and was formerly extremely 
common. Take as an instance Kenelm Digby’s sympa- 
thetic powder which in the seventeenth century attracted 
considerable attention even from scientific men. “ The 
sympathetic powder was that which cured by anointing the 
weapon with its salve instead of the woimd. I have long 
been convinced that it was efiBcacious, The directions were 
to keep the wound clean and cool, and to take care of diet, 
rubbing the salve on the knife or sword. If we remember 
the dreadful notions upon drugs which prevailed, both as 
to quantity and quality, we shall readily see that any way 
of not dressing the wound would have been useful.”^ 
Those who attributed the cure to the powder committed 
the error of overlooking the essential circumstance that 
nature was left to her own devices under favourable con- 
ditions for effecting a cure. 

Owing to the complexity of the phenomena, all induc- 
tions connected with social and economic subjects are 
particularly liable to this form of fallacy. An increase in 
the number of convictions for any particular crime must 
not be taken as a necessary proof of an increase in that^^ 
particular form of criminality; it may be due to greater 
vigUance on the part of the police. An excellent example, 

* Fertilization of Orchids, pp. 38-39. 

* De Morgan, Budget of Paradoxes, p. 66. 
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given "by Mill, is tbe foUoiving: “Take, for instance, the 
common notion, so plausible at the first glance, of the en- 
couragement given to industry hy lavish expenditure. A, 
vrho spends his rrhole income, and even his capital, in ex- 
pensive living, is supposed to give great employment to 
labour. B, -who lives on a small portion, and invests the 
remainder in the funds, is thought to give little or no 
employment. For everybody sees the gains which are 
made by A’s tradesmen, servants, and others, while his 
money is spending. B’s savings, on the contrary, pass 
into the hands of the person whose stock he purchased, 
who with it pa^s a debt he owed to some banker, who 
lends it again to some merchant or manufacturer; and 
the capital being laid out in hiring spinners and weavers, 
or carriers and the crews of merchant vessels, not only 
gives immediate employment to at least as much industry 
as A employs diuing the whole of his career, but, coming 
back with increase by the sale of the goods which have 
been manufactured or imported, forms a fvmd for the em- 
ployment of the same and perhaps a greater quantity of 
labour in perpetuity. But the observer does not see, and 
therefore does not consider what becomes of B’s money; 
he does see what is done with A’s : he obseiwes the amount 
of industry which A’s profusion feeds; he observes not 
the far greater quantity which it prevents from being fed ; 
and thence the prejudice, universal to the time of Adam 
Smith, that prodigality encourages industry, and parsi- 
mony is a discouragement to it.’’^ 

(ii) Mal-obsemration. — ^By mal-observation is meant 
the wrong interpretation of sense impressions. It has 
been pointed out that all observation involves implicit 
inference, or the interpretation of what is received through 
the senses by referring it to some part of the knowledge 
previously possessed. When this reference is wrongly 
performed, we have a case of mal-observation. The rustic 
who takes a tombstone brightened by the rays of the moon 
for a ghost, or who interprets a donkey’s bray as the voice 
of a departed ancestor, falls into the fallacy we are now 


* Op. cil., V., iv., § 4. 
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considering. All ‘ conjurer’s tricks ’ appeal to tke innate 
facility -witli wliicli manldnd observes badly. It is, how- 
ever, never the senses that are wrong ; the sensuous im- 
pression as received is just what it should be under the 
circumstances ; in the meaning given to that impression 
the error will always be found to lurk. One of the most 
striking examples of mal-observation was the universal 
acceptance of the Ptolemaic solar system for many cen- 
turies. As Mill ' remarks, “ People fancied they eaw the 
sun rise and set, the stars revolve in circles round the 
pole. We now Imow that they saw no such thing ; what 
they really saw was a set of appearances equally reconcil- 
able with the theory they held and with a totally different 
one.”^ 

Sometimes we find ourselves practically unable to inter- 
pret our sense impressions rightly, and we are then said 
to labour under an illusion. “ To give one or two . . . ex- 
amples of the kind of illusion which the senses practise on 
us or rather which we practise on ourselves, by a misinter- 
pretation of their evidence: the moon at its rising and 
setting appears much larger than when high up in the 
sky. This is, however, a mere erroneous judgment; for 
when we come to measure its diameter, so far from finding 
our conclusion home out by fact, we actually find it to 
measure materially less. Here is eyesight opposed to eye- 
sight, with the advantage of deliberate measurement. In 
ventriloquism we have the hearing at variance with, all the 
other senses, and especially with the sight, which is some- 
times contradicted by it in a very extraordinary and 
surprising manner, as when the voice is made to seem to 
issue from an inanimate and motionless object. If we 
plunge our hands, one into ice-cold water, and the other 
into water as hot as can be borne, and, after letting them 
stay awhile, suddenly transfer them both to a vessel full 
of water at blood-heat, the one will feel a sensation of 
heat, the other of cold. And if we cross the two first 
fingers of one hand, and place a pea in the fork between 
them, moving and roUiug it about on a table, we shall 

1 Op. cit., V., iv., § 5. 
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(especially if bto close our eyes) bo fully persuaded tvo 
liave tvro peas. If tbo nose bo hold while wo arc eating 
cinnamon, wo shall perceive no differonco between its 
flavour and that of a deal shaving."' 

The historj' of science presents us with many instances 
of mal-observ'ation. “ A vague and loose modo of looking 
at facts very easilj' observable, left men for a long time 
under the belief th,atabody, ten times as heavy as another, 
falls ten times as fast; — that objects immersed in water 
are always magnified, without regard to the form of the 
surface; — that tho magnet exerts an irresistible force; — 
that crystal is rlw.ays found associated with ice; — and the 
like. These and many others are examples liow blind 
and careless men can bo, even in observation of tho 
plainest and commonest appearances ; and they show us 
that the mere faculties of perception, although constantly 
exercised upon innumerable objects, ma}' long fail in 
leading to any exact Icnowlcdgo.”- 

D.angerous as this fallacy is, logic can neither give 
special rules for avoiding it, nor determine when it has 
teen committed. Tho latter point is decided by further 
advance in that particular branch of Icnowledge. On the 
former the only rule that can bo given is tho very gonenal 
one that every observer should equip himself ■\vith ns much 
definite knowledge as ho possibly can both of tho subject 
under investigation and of cognate subjects. 

* Hersohel, xfatural Philosophy, § 72. 

* Whcwoll, Novum Organon PenovaCum, p. Gl. 
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1. Importance of Testimony. — The range of direct 
experience even for the most versatile and gifted of men is 
extremely small. Were the individual dependent upon it 
alone for his knowledge his mental ontlook would he narrow, 
and he could neither impart the results of his experience to 
others nor become acquainted with their achievements ; the 
co-operative movement of science as well as a large part of 
ordinary life would be non-existent. But men communi- 
cate the knowledge they acquire to one another, and so 
contribute both to individual good and to general progress. 
Where the communication relates to observations that any 
competent person may repeat, there is an independent check 
on accuracy. The first aimouncement of the discovery of 
radium and certain of its properties is not the sole autho- 
rity on which the facts have been accepted : many workers 
have tested and confirmed the properties for themselves. 

So vast is the field of knowledge that no individual 
worker can cover the whole of the ground even in that 
portion which he seeks to make his own. He must accept 
many of his data on authority, and leave the corroboration 
of them to others of his fellow-labourers. The geographer 
could not possibly check the widely-scattered observations 
upon which his generalisations are founded, though each of 
them might be capable of verification. So, too, in ordinary 
life, we are compelled to receive and act upon much of 
which we have neither the time, capacity, nor opportunity 
to make svue for ourselves. We accept London as a fact 
long before we ever see it, and when we do see it we do not 
confine our conception of it to the parts that we actually 
observe. Thus a good deal of the working knowledge both 
of life and of science is based on testimony. 
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Further, fhero nro mriuy occurrences 17111011 from their 
nature can never bo repeated. Where the check of inde- 
pendent repetition fails us, wc are forced to a closer scrutinv 
of the source from wliicli the information comes. In no 
other wav, for cxamjile, can ive sift the facts n'liicli form 
the foundation of history. The past is past, and is only 
ImovTi to us BO far as somo record of it remains, lii 
studying it vro cannot get into direct touch ivitli the’ expe- 
riences n e seek to under.sfand : we know them only throngli 
the medium of one or man}' witnesses, who mnsb go bail 
for the accuracy of the facts wliicli they avouch. If no 
relia.nce could be placed on testimony when it is baclccd up 
by no evidence but itself, it is unnecossar}- to say how largo 
a part of historic.al and sociological knowledge would 
crumble away for want of support. 

2. Value of Testimony, — ^Now it is obvious that testi- 
mony varies considerably in value. Somo we accept with- 
out hesitation, somo of it as unhesitatingly wo reject, 
while towards a good deal of it our attitude is one of sus- 
pended judgment. Every piece of testimony which is 
examined resolves itself, if only wo can car;i 7 the .analysis 
far enough, into an observation and a communication of 
the observation. Each affords numerous opportunities for 
error. Even the careful scientific observer, who in the 
quiet of his laboratory, or amid the restful scenes of nature, 
is most favourably situated for a calm concentration of his 
mind on the matter before him, is liable as wo have seen to 
error. Tlio danger of mistake is far greater when, as so 
often happens, the witness on whose testimony we are asked 
to rely was an active participator in scenes which ho after- 
wards portrays. Barely has the narrator of an historical 
event observed it with no other intent than to make a record 
for posterity. Add to this that any account even of the 
recent past will almost inv.ariably reveal g.aps due to imper- 
fect recollection, and we see that a writer or speaker with 
a sincere desire to make his statements accurate may easily 
deceive himself, and hence in all good faith propagfite the 
false as true. Unfortunately not only may a man he un- 
wittingly deceived, he may of set purpose endeavour to 
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deceive. In any particular caseTve must be satisfied beyond 
reasonable doubt that deception of either kind is absent 
before testimony can be accepted as a guarantee that wbat 
is testified is true. So great is tbo improbability of any 
individual being free from one or other of the two faults 
that it is commonly said that one witness to an event is no 
witness at all. Nor is convergent testimony by any means 
so conclusive as to be accepted- at its face value. 

When we turn from the observer to the written records 
based upon his observations a fresh series of problems 
presents itself. The book or manuscript may not be what 
it purports to be. The relation of the writer to the sources 
of his information may be of all degrees of nearness, 
from that of eye-wdtness to that of the mere transcriber 
of oral tradition and legend. He may have idiosyncrasies 
of style or character which cast doubt on the accuracy of 
all he writes. 

Enough has been said to show that in whatever form 
testimony reaches us it must be subjected to careful sifting. 
The aim is that the fact it attests be re-constituted for 
thought as it really was in the fiirst instance. This ideal 
is often impracticable. But in any case such criticism can 
only attam a measure of success where special knowledge 
and skiU are brought to bear on the task. 

3. Criticism of Testimony. — As we have seen, there 
are two grounds upon which we may have reason to 
distrust a piece of testimony. There is the possibility that 
the author may know the truth, and yet deliberately 
misrepresent it. On the other hand he may in all good 
faith present a tissue of truth and falsity to us which he 
himself believes to be solely true. We are bound, there- 
fore, to doubt whatever comes to us through this source 
alone, until we are convinced of the sincerity and accuracy 
of the witness who attests it. 

But how can we determine whether a man is sincere or 
not in his statement of what came under his own observa- 
tion? Obviously the enquiry is one of great difiiculty. 
If we know something of the character of the man, we 
can estimate his general level of credibility ; but as a rule 
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the material for such an estimate is either scanty or, even 
if copious, conflicting. 

There are, hoTvever, certain general motives Tvhich in- 
duce men to lie, and we may ash if anything in the 
character or circumstances of the witness makes it likely 
that they were operative. There are some men with a 
love of exaggeration which leads to habitual distortion of 
fact ; others have an itching to speak, and cannot refrain 
from supplementing the defects of experience by the pro- 
ducts of inference and imagination. Many are swollen 
with self-importance and allow vanity to cre^t them with 
fictions that enhance their reputation. Nor is it uncom- 
mon for a man to recount the false and marvellous simply 
because they are attinctive to him. But perhaps the most 
powerful motive to lying is some form of self-interest. 
There may be the hope of personal gain, or the fear of 
impending harm ; there may be a party to serve or a cause 
to condemn. Truth ceases to be of importance if only the 
end in view can be gained. 

There is often no surface test by which to distinguish 
the false from the true : both wear an air of sincerity. 
Indeed in the case of the false this wiU add to the decep- 
tion. Literary skill is in itself a snare to a writer. The 
gorgeous epithet, the rounded phrase and eloquent period, 
are easily coined from the clippings of veracity. Men differ 
in the control they exercise over tendencies to insincerity, 
and all do not feel them in the same form or in the same 
strength. But whenever sincerity is jeopardised the reason 
should be ascertained if possible, and allowed for so far as 
it invalidates the extent to which the testimony can be 
received. If what is vouched for can be established or 
rejected by other means, then the good faith of the author 
ceases to have any logical interest. We are only concerned 
with it when it claims to be part of the guarantee of 
truth. 

Sincerity is logically useless without accuracy, and that 
is not easy to secure. All direct testimony refers to 
something observed, and may be marred by any or all of 
the defects to which observation is subject. It is especially 
important to determine how far the recorder of a fact was 
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in a position to observe correctly. It is seldom that 
testimony is confined to a single incident or series of in- 
cidents weU Tvithin the range of an individual observer. 
Frequently the events described, either because of their 
complexity, or because of the wide area over which they 
are spread, cannot be perceived by one man alone. The 
description of a siege, for example, would be fragmentary 
and disconnected if confined to the direct experience of 
one of those engaged in the struggle. It would be a 
physical impossibility for him to take in all the essential 
details of say an assault or a sortie, and his duties might 
or might not have given him leisure for a genernl survey. 
Moreover, many things would happen of which few would 
be cognisant at the time: as, for example, the daily con- 
sultations and plans of the leaders. Hence the necessity 
of scrutinising the ‘narrative of an eye-witness’ in order to 
separate the details which, because of his location or cir- 
cumstances, must have been supplied indnectly from those 
which in all probability came imder his personal notice. 
Men differ too in their capacity to seize the essential 
features of a situation. One man carries away a confused 
impression where another swiftly marshals the details into 
an orderly whole. 

Prejudice may vitiate testimony as well as observation. 
A fact cannot be presented naked. It must be clothed iu 
words, and in this way we have a second source of in- 
accuracy. For even where the facts have been appre- 
hended correctly, they may be woven together so as to 
create a false impression. We must discount, therefore, 
the sub-conscious bias from which few, if any, authors 
are entirely free. Enquiry should be made how far the 
writer has been led by his preconceived opinions to select 
particular aspects for description to the exclusion of others 
of equal importance, or how far he has grouped his facts 
to illustrate an idea which he did not find in them but 
brought to them. We must disrobe the works of the 
‘ whig historian ’ of their whiggish dress before we can 
see the truth they contain ; nor would it be fair to accept 
without question the story of the downfall of Carthage as 
told by Homan writers. Prejudice may peep out in an 
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opitliet, and m-o must cut avraj all such disguised com- 
ment from T.-hat purports to bo a faithful narration of 
fact. No matter M'hat may bo tho protestations of authors 
to the contrary, love and hatred ofteu exert an influence 
on their judgment and imagination of Tvhich they are 
quite unconscious.* And it is imperative to ascertain their 
likes and dislikes in order to climinato all traces of 
partiahty from vhat they record. 

3Iemory in most men is notoriously treacherous. Its 
elBciency as a rule decreases vrith tho lapse of time from 
the events ivhich are recallecL For this reason it is a 
sound demand in all the natural sciences that observations 
should bo noted down at the time when they arc made. 
But it would be impossible to insist on a similar require- 
ment in the case of aU testimony. Tho men whose writ- 
ings furnish much of the raw material of history did not 
mingle in the affairs of life, whether as actors or spectators, 
note-book in hand : such a procedure is loft to tho pro- 
fessional reporter. Whether rough notes are made or not 
the written document is the fruit of recollection. Then 
how many are tho gaps that have to be filled in ! In- 
ference and imagination lend their aid. Jagged edges are 
smoothed away, and a continuous etorj' is composed which 
has all the air of a transcript from actual experience. 
The longer tho interval, the more likely is the element of 
construction to preponderate. Am old man’s memories 
suffuse the past with a mellow light, and facts often 
recalled soon cease to bo distinguished from accretions and 
confusions which the years have brought with them. It 
is so even for much shorter periods. A few hours or a 
few days are often sufficient to blur a recollection. We 
must, therefore, ask how near to the actual occurrence is 
the writer’s description of it, and how far was the event of 
such a kind that it would bo recalled with ease and dis- 
tinctness ; and further, are there any indications that the 
writer’s memory was in general trustworthy? Add to 
this a critical scrutiny of the statement itself, and we may 
often make a fair estimate of the probability that certain 


* Cf. Castele 3 m, Logiqiie, p. 405. 
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details are due to tlie filling out of imperfect recollection 
by inference, or by imagination guided perhaps by a later 
opinion or prejudice. 

So far we have spoken of tbe testimony of a single 
person. But there may be several witnesses to the same 
fact. Taken singly each one may be open to doubt on the 
score of want of good faith and accui'acy, and yet the total 
evidence may be strong. The untrustworthiness of each 
witness is not necessarily cumulative. That they agree or 
disagree is in the' nature of additional evidence. Supposing 
it to be established that' there has been no collusion be- 
tween them, and that in no case are their statements 
derived from a 'common source, then their agreement on 
essential points indicates a strong probability that their 
testimony is true, while any discrepancy proves that one 
statement at least is false. This is all the more likely to be 
the case if there is considerable variation in detail. Half a 
dozen people narrating the story of a fii'e are sure to differ 
in describing the several episodes : but their diverse stories 
would be strong evidence as to the fact of the fire. K 
certain witnesses agree while others disagree the conflict- 
ing accounts must be carefully compared. It will not do 
merely to count the number for and against. Every wit- 
ness is not equally competent in all matters. The opinion 
of the layman is usually of inferior weight to that of the 
expert. 

There are some facts of so improbable a nature that no 
amount of concordant testimony would lead us to accept 
them. Crowds as well as individuals are subject to illusion, 
and in all good faith report portents and prodigies. What 
at first sight is contrary to the order of nature as we know 
it is rightly subjected to severer tests than what appears as 
an exemplification or extension of laws with which we are 
familiar, though men may sometimes reject as incredible 
what is afterwards accounted true. This antecedent pro- 
bability or improbability of a fact affects the value of 
testimony. “ In certain cases the probability of the fact 
and the probability of testimony reinforce each other; 
but in other cases the improbability of the fact and the 
probability of testimony are counterbalanced : and indeed 
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it mar happen that the former will be sufficiently strong 
to destroy entirely the latter.”' 

4. Criticism of Indirect Testimony. — The greater 
part of testimony reaches us indirectly. It is not often that 
the statement of an original witness lies before us. The 
historian as a rule presents material from various sources. 
Even when he states facts on his own authority we may 
reasonably doubt whether more than a small proportion of 
them are due to him as an eye-witness. Contemporary 
evidence is valuable because it is given by one who is 
under the influence of the age in ‘which he lived, and one 
very often in a position to ascertain the truth. So far as 
the testimony is that of an eye-witness it must satisfy the 
requirements we have already set forth. But if it repre- 
sents facts that have been transinitted through the medium 
of one or more persons we must endeavour to trace them 
bach to the source from whence they came. 

The first question to ask about any document will there- 
fore be — Who was its author f ‘rhe problem may fje per- 
fectly simple when we are dealing with a modem work, but 
in earlier times when an author did not scruple to is^ue his 
thoughts under a better known name and forgeries were 
common, and in all cases of anonymous writings, a critical 
examination of style and content is essential. To this 
must be added, more especially in the case of manuscripts, 
an investigation directed to the establishment of the text 
approximately as the writer wrote it. The eirors that are 
made in copying works that have come down to us in 
manuscript form are numerous and need special know- 
ledge to detect. Closely allied with these two enquiries 
will be the determination of the time when the document 
was first written. All these matters may scarcely present 
themselves for special investigation in the case of compara- 
tively recent works. But we cannot make an estimate of 
the value of testimony to fact in any writing until wehave 
satisfied ourselves about its authenticity, integrity, and 
date. 

Then we may begin the task of tracking to their source 
' Babier, Logique, p. 323. 
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tlie statements of fact -wliicli the work contains. As a 
preliminary to this we shall endeavour to divest them of 
the comment or amplification in which they lie embedded. 
It is not often that the exact origin of the facts can he 
determined so that we are face to face with an original bit 
of testimony. For the most part the authority on which 
the author has rehed wiU remain unknown, and hence it 
cannot be tested. We are not in a position to assess at 
their true worth the sincerity and accuracy of persons 
about whom we know nothing. At first sight it might 
seem a safe rule to reject anonymous statements as un- 
worthy of credence. But this must be taken with much 
abatement. It would, for example, reject aU newspaper 
records, which even the most sceptical among ns would 
hardly be prepared to do. Events do not stand in isola- 
tion from one another, nor do they come and go without 
leaving any trace behind. So we can often accept the 
evidence of one or more anonymous witnesses, because 
what is attested accords with the knowledge we have of 
the times or helps to explain the past more satisfactorily. 
Such testimony may even give the key to the results of an 
age which without it would be tminteUigible. Moreover 
we are sometimes in a position to test particular state- 
ments by an examination of monuments, coins, or other 
remains. And if the author stands this test successfully 
it gives a greater or less probability, according to circum- 
stances, that the other parts of his evidence are trust- 
worthy. 

The monuments, medals, coins, vases and other products 
of man which survive from the past must themselves be 
subject to criticism. They too may flatter and lie or be 
misdated. Inscriptions are not always veracious. They 
may err by excess of panegyric or by actual falsehood. 
The English struck a medal commemorating the captime- 
of Carth^agena in 1740 by Admiral Yernon, though as a 
matter of fact the gallant admiral had raised the siege.^ 

Where testimony takes the form of traditions handed 
down orally from generation to generation, there is often 


I Cf. Rabier op. cit., p. 326. 
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uo waj in wliicli -sve can be sure whether they bad their 
origin in truth or in fanc}'. Scarcely anyone can receive and 
transmit faithfully an accurate account of even very simple 
^ transactions ; and after a fevr repetitions the original is 
apt to be distorted almost beyond recognition. Even where 
tradition is embodied in poetic form errors in transmission 
accumulate. To find, as some profess to do, a kernel of 
truth in traditions whose som'ce is lost in remote antiquity 
can never be justified as other than more or less reasonable 
conjecture. At most we can say that story and legend of 
this land are valuable as affording some indication of 
customs, beliefs, and mode of life, in the time to wliich they 
owe their origin. 

Isot only do men examine what an author has said, but 
not infrequently inferences are made from what he has not 
said. This is a tempting procedure whenever information 
on points of importance is scanty. It generally appears in 
the claim that an author must have mentioned a certain 
fact if such fact had been in existence. But the omissions 
of authors are apt to confound aU conjecture. Logically 
the argument from silence is only admissible where the 
purpose of the writer was such that had the alleged fact 
omitted been true it would have been vital to his state- 
ment and would on no conceivable grounds have been sup- 
pressed. 


i.i. 


CHAPTEE XXIX. 


NATtrUE OP HTPOTHESES. 

1. Meaning of H 3 T 30 tliesis. — Observation and testi- 
mony furnish facts wbicli need intei-pretation if they are 
to find their true place in a system of knowledge. To 
interpret them is to deteiinine the relations which they 
hold to one another and to the rest of the sphere of know- 
ledge to which they belong. The mind must supply the 
interpretation, and so proceeds by inventing some pro- 
visional explanation which seems likel)' to account for the 
facts as they are. If on fm'ther examination this explana- 
tion is proved to be true, it becomes a part of knowledge : 
if false, it is rejected. In either case the explanation 
exists in the first instance as a supposition. Such a sup- 
posed relation suggested by the facts is termed a hypo- 
thesis. 

We are continually forming hypotheses. Every suppo- 
sition we make so as to account for any event whatever is 
a hypothesis. Xo doubt, it is customary to restrict the 
name to suppositions made in the scientific investigation 
of any subject ; but these do not differ in original charac- 
ter from the hypotheses of common fife. The difference 
comes in later; the hypotheses of every-day Life answer 
their purpose in a more or less rough and imperfect form, 
but the hypotheses of scientific thought need to be deter- 
mined as completely and accurately as possible, till at 
length they satisfy all the demands made upon them as 
explanations of actual phenomena, and are accepted as 
demonstrated and estabhshed theories. 

To such hypotheses our discussion will be confined, for 
logic deals only with scientific — ^that is, with exact and ac- 
curate — ^thought. It must be remembered, however, that, 
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as Cliilord reminds us, " Scientific tliouglit does not mean 
thougfit about scientific subjects ■witli long names. There 
are no scientific subjects. Tho subject of science is the 
human universe ; that is to sav, everything that is, or has 
been, or may be related to man.”* In scientific thought — 
no matter vrhat tho subject-matter may be — eveiy regu- 
larity or irregularity in the occurrence of events for -which 
no reason is apparent, every imperfectly understood or 
unexplained fact, is a call for a hypothesis. And every 
hjrpothesis is a guide to fui'ther enquiry till the ultimate 
goal of explanation is reached. 


2. Origin of Hypotheses. — The modes in wliich hypo- 
theses are suggested cannot be tabulated. The process of 
suggestion is purely indi-vidual, and does not admit of 
general rales. Some h 3 rpotheses are so obvious that an 
acquaintance nith tho facts almost inevitably gives birth 
to them. Others, and often the most far-reaching, require 
the insight of genius to fashion them. Thus men differ 
much in their power and readiness to frame hypotheses. 
One laboriously determines facts, but is slow to see their 
meaning. Another has to prune the luxuriance of conjec- 
ture : to him everything is suggestive. The man of scien- 
tific genius is fertile in suppositions, and quick to see their 
probable value. A few of his discoveries may come as it 
were unsought, but the bulk of them are the result of 
definite lines of enquiry set on foot to test his o-wn suppo- 
sitions. We cannot, then, eliminate the personal factor. 

But although the suggestion of hypotheses depends so 
much upon the insight of the indi-vidual who conceives 
them, it is generally to the man -with a -wide knowledge 
of the order of facts under investigation that they occur. 
Brilliant conjectures may flash across the unprepared 
mind, but they are apt to remain fruitless. Perraudin, an 
intelligent S-wiss hunter of chamois, conceived the idea 
that the huge blocks of rock scattered about the valley 
with which he was most familiar had been transpoii;ed there 
by glacial action. But without the special knowledge and 


* Essays, p. 86. 
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interests of tlio geologist he Avas unable to perceive the true 
significance of his observation,^ Pasteur prefaced liis long 
investigation into the causes of disease among sillnvorms 
by making himself master of all that Avas then knoAvn on 
the subject. It Avas this, added to his oAvn great ability, 
Avhich made him ready to see the bearing of the facts re- 
vealed by his microscopic examinations, and AA^hich gave 
point to the suppositions he founded on them. Knowledge 
of facts and laAvs previously ascertained gives the power to 
detect what is new or exceptional, and so in need of further 
explanation. It enables a man to give steadiness to his 
conjectures by basing them on what lias already been 
done. 

It would be Avi'ong to regard the hypothesis as a new 
creation. It always incoi-porates past knowledge, and 
arises out of it. It is for this reason that men of the same 
epoch often make the same discoveries or enunciate similar 
theories. The doctrine of evolution was taking shape in 
the minds of Darwin and Wallace at about the same time ; 
Adams and Leverrier both predicted the existence of the 
planet Neptune. There is a general progress of science 
Avhich while carried on by in^Auduals is in a sense inde- 
pendent of particular individuals. Thus it has been said 
that the invention of the calculus was boimd to come 
about the time it did even though neither NeAvton nor 
Leibniz had thought of it. On the other hand a bold 
conjectui-e may be before its time, and remain in oblivion 
because the state of knowledge does not admit of its 
development. Thus Copernicus found the germ of his 
solar theory in an ancient Aviiter. The hypotheses then 
that are destined to be fruitful are in close relation to the 
knowledge of the time, and it is obvious that a well- 
equipped mind is most likely to conceive them. 

This is evident, too, when the origin of the hypothesis 
has a largely accidental chai'acter. Por example, the laws , 
of the internal structure of crystals were suggested to 
Hauy by his observing that in a crystal accidentally broken 
the fracture showed regular geometrical faces. Similarly, 

* Of. Naville, La Logiquz c?c I’Hypothlee, p. 42. 
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But, in so far as our instances differ, these differences 
call for explanation, and ■when this explanation shows that 
they are not essential, but merely accidental, in relation to 
the purpose in view, the argument from analogy is con- 
firmed ; though it must be boiue in mind, that this con- 
firmation can never amount to demonstration . while the 
inference remains analogical. Thus, in the example just 
quoted, the striking differences of the different varieties 
were shown on investigation not to be essential ; that is, 
they were proved to he due to the course of evolution and 
not to the original common nature which was the subject 
of investigation. 

(iii) Pallacies incident to Analogy. — It is evident 
that the use of analogy is peculiarly liable to lead to 
fallacious inference. If the analogy is a false one, the 
hypothesis suggested by it- will be -wrong and the en- 
quiry •will be started on a false scent. This is con- 
tinually happening in scientific investigations; further 
examination of phenomena constantly leads to modification 
or rejection of the hypothesis. In the former case the 
analogy on which the hypothesis was based was partly, and 
in the latter case wholly, erroneous. 

When an analogy leads to a hypothesis which is after- 
wards found to be only partially true, and, therefore, to 
need modification, it is because the force of the analogy has 
been wrongly estimated. The analogy- is really present, 
and really suggests a hypothesis of this general character. 
But the points of identity have been allowed too much 
weight relatively to the points of difference with which 
they are bound up, and, as a consequence, the hypothesis 
is found to break down in a detailed application. Here, 
it will be seen, we have really a fallacy of non-observa- 
tion of conditions as the starting-point of our false 
analogy. 

One special case of false estimation of the force of an 
analogy is when the exact point of the analogy is missed. 
In this case, points of identity which are important re- 
latively to one purpose are made the basis of an analogy 
directed to another purpose. The importance of points of 
identity we have already seen to be relative to purpose. 
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tions from known laws kas led to many new discoveries. 
But tliis soui-ce of suggestion of liypotlieses is obviously 
open only to those already versed in the science to which 
the facts belong. 

It must not be supposed that the right hypothesis is 
necessarily suggested at once even to the man of know- 
ledge and insight. As a rule there is rather a plm-ality of 
hypotheses which must be successively tested till all but 
one are, by disagreement with the facts, rejected. These 
alternative hypotheses may be simultaneously or succes- 
sively suggested, but only one is taken up at a time. Thus 
Kepler records that he advanced nineteen hypotheses which 
he afterwards disproved, before he anived at the true 
statement of the laws of planetary motion. He was 
handicapped by the backward state of algebra in his day.- 
Had that study been more advanced than it actually was, 
it is probable that he would much sooner have hit upon his 
third law — ^that the squai'es of the periodic times of the 
several planets are proportional to the cubes of their mean 
distances from the sun. For, as WheweU says, " The pro- 
cess of connecting two classes of quantities by comparing 
their powers is obvious only to those who are abeady 
familiar with general algebraic views.”* 

The process of selecting out of the several suggestions 
that occur to the mind the one which finally does lead to 
a full explanation of the facts may go on rapidly or slowly. 
Sometimes a false hypothesis is dwelt on and its con- 
sequences worked out in detail before its inadmissibility 
becomes apparent, at others it is I’ejected almost as soon 
as fonned. Wrong hypotheses generally precede right 
ones; and that frequently in the same mind. “To try 
wrong guesses is, with most persons, the only way to hit 
upon right ones.”* It is not, however, pure unguided 
gxiesswork. In most cases the attempts of previous en- 
quirers have shown more or less plainly in what direction 
explanation must be sought; either by partial estabhsh- 
ment of some h3^pothesis, or by making manifest the 
inadmissibility of others. 

1 Jliat. of Ind. Sciences, vol. i., p. 323. 

* Wliewell, Nov. Orff. Sen., p. 79. 



§ S'] TESTING OP HYPOTHESES. 359 

3. Testing of Hy^otlieses. — Every liypotliesis, tlien, 
must be held subject to revision. Tbe truly scientific 
tbinber bas none of tbe spirit ivbicb says “ If tbe facts do 
not agree vitb tbe theory, so much tbe worse for tbe facts.” 
It was against tbis spirit — tbis assumption of bypotbeses 
on bttle or no evidence, and obstinate adherence to them 
without much direct reference to tbe world of fact — that 
Eewton protested when be said hypotheses non fingo^ On 
tbe contrary, to tbe true thinker, as Brown says, bypotbeses 
“ are of use . . . not as superseding investigation, but as 
directing investigation to certain objects, — not as telling us 
what we are to believe, but as pointing out to us what wo 
are to endeavour to ascertain.”- 
As striking examples of tbe tnie scientific spirit, 
Wbewell quotes Kepler and Kewton. Tbe former not only 
most earnestly and carefully worked out tbe results of Ms 
various bypotbeses as to the orbit of Mars, but “ never 
allowed the laboui' be bad spent upon any conjecture to 
produce any reluctance in abandoning tbe hypothesis, as 
soon as be bad evidence of its inaccuracy.”® 

A similar spirit was shown by Kewton in respect to Ms 
hypothesis that tbe moon is retained in her orbit by tbe 
force of gravity. From tMs hypothesis, be calculated that 
tbe moon ought to be deflected from tbe tangent of its 
orbit sometbmg more than fifteen feet every minute. But 
tbe apparent deflection was only thirteen feet. TMs dis- 
crepancy, comparatively small though it was, Kewton 
accepted as a disproof of bis hypothesis, and “laid aside 
at that time any further thoughts of this matter,” critical 
though tbe supposition was to tbe theoiy of cosmical gravi- 
tation. But some flfteen years later, tbe distance of tbe 
moon from tbe earth bad been moi'e exactly ascertained; and 
Kewton repeated bis calculations, working with these new 
values. Tbe agreement between tbe calculated and tbe 
normal actual deflection was then seen to be remarkably 
precise, and the hypothesis became an established theory. 

^ I do not invent hypotheses. 

“ Philosophy of the Human Mind, vol. i., pp. 230-231. 

® Op. cit. 
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4. Descriptive and WorMng Hypotheses. — ^AH liypo- 
tlieses, then, must be held subject to revision, modification, 
or even rejection. But it does not follovrtbat a bypotbesis 
wbicb is i^ally disproved bas been of no sendee. Every 
■well imagined bypotbesis, suggested by a real Imo'wledge 
of tbe facts dealt 'witb, opens out a Ime of enquiry -wbicb 
is rarely fruitless. As an example -we may talre tbe 
Ptolemaic bypotbesis of cycles and epicycles to account for 
tbe motions of tbe suu, moon, and planets. Tbis bypo- 
tbesis enabled tbe ancient astronomers to calculate those 
motions ■with considerable accmacy, and -was, therefore, 
“ of immense value to tbe progress of astronomical science ; 
for it enabled men to express and reason upon many impor- 
tant truths -wbicb they discovered respecting tbe motion of 
tbe, stars up to tbe time of Kepler.”^ Tet tbe bypotbesis 
■was essentially false as an explanation ; for it assumed tbe 
earth to be tbe centre roimd -which all heavenly bodies 
revolve, and tbe motions of all such bodies to be circular, 

A bypotbesis may be of a purely descriptive character. 
When the relations- embodied in phenomena are unkno-mi 
it is often possible to describe tbe facts through their 
resemblance to tbe characteristics of something -with -whose 
properties -we are famdiar. Tbe description is recognised 
as rather symbobc than explanatory. Such a bypotbesis 
■was that -which spoke of tbe “electric fluid,” -when tbe term 
‘ fluid ’ -was used as merely a convenient -way of describing 
some of tbe known phenomena of electricity, but -with a 
full consciousness that electricity is not a fluid in tbe 
correct meaning of that word. So, too, tbe a-tom in chem- 
istry was for long regarded by many more as a figure of 
what was real than i*eal in itself. Eor “ it does not appear 
that philosophers considered tbe existence and usefulness 
of chemical formulae as a proof of tbe physical existence of 
atoms, or of smallest indivisible particles of matter, in tbe 
older sense of tbe theory,”® 

When a bypotbesis is pro-visionally assumed as a guide 


* Whewell, op. cit., p. 84. 

- Merz, History of Muropean Thought in the Nineteenth Century, 
i., pp. 419-420. 
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to enquiry, it is termed aioorJcing hypothesis. It furnishes 
an expression of the facts -which is recognised as only par- 
tially adequate, and yet seems indispensable for further 
advance. As Jevons says : “ When [Professor Huxley] 
advocates the use of ‘ -working hypotheses ’ he means no 
doubt that any hypothesis is better than none, and that we 
c.annot avoid being guided in our observations by some 
hypothesis or other.”* Thus the corpuscular theory of 
light and the Ptolemaic theory of astronomy were both 
essentially worldng hypotheses although at one time each 
was mistaken for a real explanation. 

Of such hypotheses more than one may for a time appear 
to be equally true ; the facts in question may be expressed 
in more than one way. Many of the observed facts of the 
motions of the heavenly bodies could, for example, bo as 
accurately formulated on the Cartesian hj'pothesis of 
vortices as on the He-wtonian theory of gravitation. But, 
as other facts were accurately observed and measured, the 
hypothesis of vortices requii-ed a continual series of modi- 
fications each of which made it more complex than before, 
while the Newtonian theory was found to explain these 
new facts as well as those for whose interpretation it had 
been originally suggested. Thus, the necessity of relating 
the original facts to other series of phenomena furnishes a 
test of the truth of a working hjq)othesis, and as it is only 
in such a relation that explanation can be found, so only a 
working hypothesis which ultimately admits of explanation 
can be true. 

However, a worldng hypothesis discarded as untrue may 
still be retained as a ready means of expressing many of 
the facts. “In optics, the so-called corpuscular theory of 
light is still used with advantage as a convenient means of 
summarising the laws of reflection and refraction.” - 

5. Conditions of Validity of Hypotheses. 

(a) Statement of Conditions. Every hypothesis is an at- 
tempt to find meaning in observed phenomena, to constitute 
reality in a rational way. It follows that the fundamental 


* Principles of Science, p. 509. ^ Merz, op. cit., p. 422. 
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condition of a valid hypothesis is that it should explain and 
give meaning to the facts of observation. And it can only 
do this if it embraces those facts in that systematic whole 
which is the one form under wliich it is possible to think 
the imiverse. This general condition, then, may be con- 
sidered as involving three subordinate conditions — 

(1) That the hypothesis be self-consistent, and in 

harmony with laws included in the rest of the 
conceived system of reality. 

(2) That it furnish a basis for rigorous deductive 

inference of consequences. 

(8) That these inferred consequences be in agreement 
with fact. 

Of these conditions, the first two are applicable to the 
formation of every hypothesis, no matter how provisional 
a character it may have ; the third is a condition of the 
acceptance of a hypothesis as time. 

(b) Examination of Conditions. First Condition. — The 
requirement that a hypothesis do not involve consequences 
which would be inconsistent with itself is obviously neces- 
sary. That it should not be in conflict with the rest of 
reality as Imown must be interpreted with caution. There 
is always a presumption that any hypothesis which contra- 
dicts a law which has been found to hold good over a wide 
range of fact is scarcely worth investigation. We should 
be rightly disinclined to entertain a suggestion which 
implied the complete reversal of the law of gravitation. 
Tet theories have been received as true, which later thought 
has shown to be false. In this way the Copernican theory 
of the heavens was substituted for the Ptolemaic. When 
the hypothesis is first formulated there is an initial incon- 
sistency which constitutes a definite claim to modify or to 
reject in the interests of truth what has been previously 
accepted as an explanation of the facts. In no ease is the 
new hypothesis held concmrently with theories inconsis- 
tent with itself ; on the contrary, the previously accepted 
theories are modified and brought into harmony with the 
new view necessitated by the fuller study of reality. As 



§ 51 CONDITION'S or VADIPTTT OF HTPOTHrSES. 363 

science advances, tlie probability that necessity will arise 
for any such tborougb-going revision of our concepts as 
was involved in tbo acceptance of tbe Copernican theory or 
the doctrine of evolution becomes continually smaller. 

Second Condition. — It is impossible to infer any con- 
sequences from tlie absolutely unknown. As Jevons says : 
“We can only infer what would happen under supposed 
conditions by applying the knowledge of nature we possess 
to those conditions.”’ Hence, our h 3 'pothesis must be 
always in accordance with some analogy, or based on some 
experience ; otherwise wo can di-aw no conclusions from it. 
To quote Jevons again : “ When we attempt to explain the 
passage of light and heat radiations through space unoc- 
cupied by matter, we imagine the existence of the so-called 
ether. But if this ether were wholly different from any- 
thing else Icnown to us, we should in vain try to reason 
about it. We must apply to it at least the laws of motion, 
that is, we must so far liken it to matter. And as, when 
applying those laws to the elastic medium air, we are able 
to infer the phenomena of sound, so by arguing in a 
similar manner concerning ether we are able to infer the 
existence of light phenomena corresponding to what do 
occur. All that we do is to take an elastic substance, in- 
crease its elasticity immensely, and denude it of gravity 
and some other nroperties of matter, but we must retain 
sufficient likeness to matter to allow of deductive calcula- 
tions.”- 

Hypotheses, then, should not be mere arbitraiy fictions. 
Indeed, if they turn out to be true, they will always 
be hypotheses with a vera cavsa.^ For a true cause is 
one whose assumption is necessary to reconcile obseiwed 
data. It need not be already Icnown to exist ; it may be 
conceived for the first time when suggested as a possible 
explanation. Hor need it be open to direct perception: 
that would rule out such fruitfm theories as the atomic 
constitution of matter and the assumption of a lumini- 
ferous ether. But it must be in real and necessary relation 
to the facts we ai-e considering. If a hypothesis deals 


’ Op. cit., pp. 511-512. 


Ibid. 


’ I.e. true cause. 
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Tvitli a true cause fulfilling tliat reguirenaent tlien it mil 
necessarily offer a basis of deductive inference to tbe facts 
dependent on tbe true cause to vrbicb it refers. 

Third Condition. — As tbe very aim of eveiy bypotbesis 
is to express tbe relations "wbicb exist in reabty, it is 
obviously essential tbat tbe bypotbesis should be verified 
by comparison of tbe results deduced from it witb facts of 
observation. In order tbat tbis may be done it is essential 
tbat tbe consequences of tbe bypotbesis sbould be inferred 
witb tbe utmost precision, and tbat tbe comparison of these 
consequences with tbe facts sbould be made witb gi-eat care 
and accuracy. Tbe bjqjotbesis must, of com-se, in tbe first 
place agree witb tbe phenomena it was invented to explain. 
But we must not rest satisfied witb tbis. It must be com- 
pared witb facts of tbe greatest possible variety, and exem- 
pbfying every possible case wbicb can be brought under it. 
A single absolute disagreement with facts is fatal to a 
hypothesis. 

Nevertheless, a bypotbesis is not to be hastily aban- 
doned on tbe first prima facie conflict witb reality. It 
must be made clear first tbat tbe opposing facts have been 
rightly grasped — ^tbat they really are in conflict witb tbe 
bypotbesis. If tbis turns out to be tbe case, enquiry 
should be made as to whether these facts have not been 
partly determined by tbe existence of interfering con- 
ditions, in tbe absence of wbicb they would be found in 
agreement witb tbe hypothesis. And, finally, if, after 
making all such allowances, tbe facts are still in conflict 
witb the bypotbesis, it must be considered whether a modi- 
fication of the latter will meet tbe case, or whether it must 
be absolutely rejected. 

6. Esteusiou of Hypotheses. — If tbe bypotbesis is 
true, it will generally be possible to infer deductively from 
it facts which have not been before explained or wbicb 
have even been unobserved. Still, Comte’s saying tbat 
“prevision is tbe test of true theory’’ cannot be accepted 
absolutely as a bypotbesis may be true even though it does 
not enable tbe discovery of new facts to be predicted, and, 
on tbe other band, predictions may sometimes be made 
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Buccossfully from a false hypothesis. Yet, it is, doubtless, 
one of the tests of the validity of a hypothesis. 

The histor}' of science is full of such extension and pre- 
diction. Thus, for example, the discovery of Neptune vas 
predicted by deductive reasoning from the principle of 
gravitation. Other instances of deductions from the same 
theorj' are thus summarised by YTieivcll ; “ The attraction 
of the sun accounted for the motions of the planets ; the 
attraction of the planets was the cause of the motion of the 
satellites. But this being assumed, the perturbations, and 
the motions of the nodes and aphelia, only made it requisite 
to extend the attraction of the sun to the satellites, and 
that of the planets to each other ; — the tides, the spheroidal 
form of the earth, the precession, still required nothing 
more than that the moon and sun should attract the parts 
of the earth, and these should attract each other ; — so that 
all the suppositions resolved themselves into the single 
one, of the universal gravitation of all matter.”* 

Another example is Whewell’s o^vn prediction that as 
the tides of the G-eman Ocean consist of interfering tidal 
•waves, one coming round the North of Scotland and the 
other through the English Channel, there -would be a point 
about midway between Lowestoft and Brill on the coast of 
Holland, where no tide would be found, the rivo inter- 
fering waves exactly neutralising each other. Tlie ac- 
curacy of this prediction was established during a survey 
of that sea. 

The next instance we ■will take is a strildng one as it 
shows how it is peimissible to maintain a clearly conceived 
hypothesis, even though results may be deduced from it 
which are at variance with present experience, if it can be 
shown that it explains these exceptions. It is thus re- 
corded by Herschel: “"WTien Dr. Hutton expounded his 
theory of the consolidation of rocks by the application of 
heat, at a great depth below the bed of the ocean, and 
especially that of marble by actual fusion ; it was objected 
that, whatever might be the case with others, •with cal- 
careous or marble rocks, at least, it was impossible to grant 


* Op. cit., p. 92. 
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Bucli a cause of consolidation, since heat decomposes their 
substance and converts it into quicklime, by driving off the 
carbonic acid, and leaving a substance perfectly infusible, 
and incapable even of agglutination by heat. To this he 
replied, that the pressure under which the heat was applied 
would prevent the escape of the carbonic acid ; and that 
being retained, it might be expected to give that fusibility 
to the compound which the simple quicklime wanted. The 
next generation saw this anticipation converted into an 
observed fact, and verified by the direct experiments of Sir 
James Hall, who actually succeeded in melting marble, by 
retaining its carbonic acid under violent pressure.”^ 

As a last example we will take one from the theory of 
Electricity, quoted by Jevons. “As soon as Wheatstone 
had proved experimentally that the conduction of electricity 
occupies time, Faraday remarked in 1838, with wonderful 
sagacity, that if the conducting wires were connected with 
the coatings of a large Leyden jar, the rapidity of conduc- 
tion would be lessened. This prediction remained rmveri- 
fied for sixteen years, until the submarine cable was laid 
beneath the Channel. A considerable retardation of the 
electric spark was then detected, and Faraday at once 
pointed out that the wire suiTounded by water resembles 
a Leyden jar on a large scale, so that each message sent 
through the cable verified his remark of 1838.”^ 

7. Crucial Instances. — ^It happens sometimes that two 
or even more different hypotheses will explain a great num- 
ber of the phenomena in question. In such a case, it is 
necessary to look for some instance which can be explained 
on only one of these rival hypotheses. As Heberweg puts 
it : “ One single circumstance, which admits of one explana- 
tion only, is more decisive than a hundred others which 
agree in all points with one’s own hypothesis, but are 
equally well explained on an opposite hypothesis.”® Such 
a test case is called a Crucial Instance, and if arrived at 
by experiment, the experiment is named lExperimentum 
Crucis. .The essence of such an instance is that it should 

' Natural Philosophy, § 299. * Principles of Science, p. 643. 

3 Logic, Eng. Trans., p. 513. '' 
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absolutely negative one hypothesis, and at the same time 
confirm another. 

The most remarhahle instance in modem science in 
■which many phenomena -were equally well explainable on 
either of two incompatible hypotheses, was, perhaps, in the 
case of the long rivalry between the corpuscular and the 
imdulator)- hypotheses of light. “ It is remarkable,” says 
Jevons, “ in how plausible a manner both these theories 
agreed ■\nth the ordinary laws of geometrical optics, relat- 
ing to reflection and refraction.” * But “ if the undulatory 
theory be true, light must move more slowly in a dense 
refracting medium than in a rarer one ; but the Ne\vtonian 
theory assumed that the attraction of the dense mediimi 
caused the particles of light to move more rapidly than in 
the rare medium. On tliis point, then, there was complete 
discrepancy between the theories, and observation was re- 
quired to show which theory was to be prefci-red. Now 
by simply cutting a uniform plate of glass into two pieces, 
and slightly inclining one piece so as 'to increase the length 
of the path of a ray passing through it, expeidmenters were 
able to show that light does move more slowly in glass 
than in air.”^ 

Another ezjperimeniuvi crucis in connexion ■svith the same 
two hypotheses is related by Herschel. He says : “ Wlien 
two very clean glasses are laid one on the other, if they be 
not perfectly flat, but one or both in an almost impercep- 
tible degree convex or prominent, beautiful and vivid 
colours -will be seen between them ; and if these be "viewed 
through a red glass, them appearance •wiU be that of alter- 
nate dark and bright stripes. These stripes are formed 
lekvem the two surfaces in apparent contact, as anyone 
may satisfy himself by using, instead of a flat flate of glass 
for- the upper one, a triangular-shaped piece, called a prism, 
like a three-cornered stick, and looking through the in- 
clined side of it next the eye, by which arrangement the 
reflexion of light from the upper surface is prevented from 
intermixing with that from the surfaces in contact. Now 
the coloured stripes thus produced are explicable on both 


1 Op. cit., p. 520. 


“ Ibid., p. 521. 



368 NATITRE OP HTPOTHESES. [CH. 29 

tlaeories . . . but there is a difference in one circumstance 
according as one or the other theory is employed to explain 
them. In the case of the Huyghenian [the undulatory] 
doctrine, the intervals between the bright stripes ought to 
appear absolutely lilack-, in the other, half bright, when 
so viewed thi’ough a prism. The curious case of differ- 
ence was tried as soon as the opposing consequences of the 
two theories were noted by M. Presnel, and the result is 
stated by him to be decisive in favour of that theoiy which 
makes light to consist in the vibrations of an elastic 
medium.”^ 

But it is not only between great rival theories that 
ex]}erimenta crucis may be called to decide. Whenever 
two explanations of a phenomenon are possible, such an 
experiment is requh-ed. For instance, in investigating the 
nature of the molecular structm'e of a gas : If the gas is 
compressed are the molecules themselves compressed, or 
are they only brought nearer to each other? Now, if the 
former is the case, the rate of vibration of the molecules 
will be altered. But a gas intercepts the colom’s whose 
rates of vibration correspond with those of its molecules. 
If, therefore, the rates of vibration are changed by com- 
pression of the gas, the gas wiU no longer intercept the 
same colours as before; but if the molecules are simply 
brought nearer together, the same colour waves will be 
intercepted, but to a greater extent. The latter being 
shown to be the case by experiment, it is proved that 
compression of the gas does not affect the size of the 
individual molecules of which it is composed, but simply 
brings them closer together. 


1 Natural Philosophy, § 218 . 



OHAPTEE XXX. 

THE INCEPTION OF HYPOTHESES. 

1. The Beginnings of Induction. — Hypotheses are 
suggested to the mind by observed experience, but -they 
occur only to that mind which can use what it already 
knows to throw light on the facts. The aim of every 
hypothesis is to bind together into an intelligible whole 
a vast mass of experiences otherwise disconnected. Thus 
at the basis of each is a real or imagined likeness between 
things or events. 

The likeness which first strikes the mind is that of 
external observable resemblance. The mind tends to 
generalise uncontradicted experience into universal law. 
Logically this is the first suggestion of a hypothesis that 
such resemblance is really universal — a hypothesis which 
deserves consideration but which cannot be taken as 
proved. The attempt to show that it is time must pro- 
ceed through examination of the nature and relations of 
the facts involved. So is reached likeness of a more 
fundamental kind — one not always open to direct observa- 
tion. Our thought has passed from obvious resemblance 
which can be enumerated to that deeper bkeness which is 
strictly called analogy. But the fact that a suggested 
explanation has its analogue in some other relation known 
to exist does not prove its truth. We are stiQ, then, in 
the realm of hypothesis; the establishment of the sup- 
position as time has yet many stages to pass through. 

These two initial stages, however, are of sufficient im- 
portance to deseiwe our serious consideration of their logical 
value and function. 
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2. Eunmerative Induction. — Generally it may be 
said that every observed regularity of connexion between 
phenomena suggests a question as to -whether it is imi- 
versal. To take a simple example from mathematics — ^it’ 
is easily seen by simple inspection that 1 -f 3 = 2-, 
14-3 + 5 = 3% and so on. This suggests the hypothesis 
that in every case the sum of the fii'st n odd numbers -will 
be equal to v?. Such a hypothesis may be tested by 
additional examples, and as it is found to hold in a con- 
tinually increasing number of cases, the probability of its 
holding universally is strengthened. But it can never be 
more than an empirical law — that is, a description of 
Avhat relation actually does hold — until its necessity is 
established by a consideration of the essential properties 
of numbers, and this takes us beyond mere enumeration. 

Such inductive inference does not start from wholly 
unorganised experience. 'Ordinary speech carries -with it 
an enormous amount of preliminary organisation. In 
learning general tei-ms we are learning to class things,- 
actions, and qualities together, so that their points of re- 
semblance are, as it were, forced on our notice. Were it 
not for the general name ‘dog,’ for instance, would the 
thinking together, as members of one class, animals which 
show so many differences of size, form, and colour, be as 
general as it is? Evidently it would not be so readily 
acquii'ed. 

Here we meet the first difficulty of induction. The 
things marked out by common speech can be thought in 
various relations of likeness to other things, and therefore 
classed in various ways. Wheat, for example, may be 
thought of as food, as a grass, as a plant, as an import 
into this country or an export from that, as a product 
of the temperate regions, and so on. So according to the 
pui’pose of knowledge at the time we must determine 
under which of these sets of relations the particulars we 
are examining shall be thought. This determination is 
itself a preliminary hypothesis — that the ground of the 
relation we seek to establish -will be found within that set 
of relations. Here error is very possible. We should, 
for example, be unjustified in inferring the excellence of 
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all pictures from the recognised excellence of a few we 
have examined, even had none but admirable examples 
come within our purview. But if we take as a narrower 
class within the genus ‘picture,’ the pictures painted by 
one great artist we have a more probable ground for the 
expectation that new examples of that class will possess 
not only excellence but excellence of the kind exempHfied 
in the pictures we have examined. 

Yet the adoption of too wide a class as our fii-st working 
hypothesis may be prolific of result. Suppose, for example, 
that electricity has been observed to move freely in silver 
and copper. There are two obvious concepts under which 
‘ silver ’ and ‘ copper ’ fall, viz. metals and substances. The 
direction of enquiiy wUl be different according as one or 
the other of the two is adopted. If we take the first, our 
attempted generalisation, ‘ In all metals electricity moves 
freely,’ will as a matter of fact be correct : if we take the 
second and assume that ‘Electricity moves freely in all 
substances,’ the assumption will be false, but the enquiry 
based on it will be more fruitful, for it will probably lead 
to the true concepts under which to think the phenomena 
— conductors in which electricity moves freely, insulators 
in which it does not. In this case the concepts that we 
really need are not fully defined until the end of the in- 
vestigation, and as a rule the concepts available, because 
already named, merely seiwe to give a starting-point for 
the enquiry. 

Now when from observed resemblances we tentatively 
proceed to a universal relation we have a syllogism in the 
third figure, which regarded as an attempt at demonstra- 
tive inference is invalid. We have obseiwed that ceilain 
individuals a, b, 0, d have the quality P, and we have 
classed a, b, c, d under the class-name S. So we get the 
premises 

a, b, c, d, are P, 

a, b, 0 , d, are S. 

As 5 is undistributed we have no formal ground for 
asserting that every 5 is P; but it is suggested as a 
possible truth. 
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3. Analogy. 

(i) ITattire. — How sliall we set out to verify it ? Two 
ways lie open before us. The most ob^aous is to complete 
tbe enumeration of the contents of tbe class S. This we 
have already seen to be incapable of yielding any assur- 
ance that P is so connected with tbe nature of S that it is 
necessarily present witli it. To reacli tbis assurance is 
possible only tbrougb an analysis of that natui-e. By 
itself enumeration can never get beyond a probabibtyj 
wbicb, while it may be bigb enougb for practical needs, 
bas no tbeoretical certainty. If we bad nothing but un- 
contradicted experience to go upon we could not establish 
as a universal truth that all men die, though the expec- 
tation would be safe enough to determine the action 
of Assurance Companies. And in most cases we have 
nothing like the amount of uncontradicted experience 
which is here available. 

We must, theu, take the other bne and proceed to the - 
analysis of the nature of the phenomena in question. 
This is the work of all modern science, and the one task 
of inductive logic is to analyse its methods. Its first step 
is Analogy. 

Why do we class a, b, c, d under S when we are con- 
sidering their relation to P ? The only possible answer is 
that we see in the nature of S some relation to P which 
we believe to be pertinent to the matter in hand. If we 
denote this by X, we have the premises 

P is X, 

S is X, 

from which there stiU follows nothing but a probability 
that S is ahuays P, though this probability is higher than 
it was before, because it is now based on a fii’st examina- 
tion of the nature of the phenomena — the X which forms 
the middle term is a supposed causal relation. 

Let us suppose, as an example, that certain schools — 
a, b, 0, d — are shown by statistics to be abnormally suc- 
cessful at a certain examination. This success we will 
denote by P. Wlien we try to account for this we seek to 
find something in common between a, b, c, d which will 
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explain P. In other words, wo search for an S under 
which to class fr, b, c, d. Now the first S suggested is 
schools — and that is obviously insuDicieut for onr purpose. 
We may then seek among such specific divisions between 
schools as are given by local position, character of build- 
ings, social class of pupils, number of pupils. If we find 
agreement in any one of these points between all the cases 
of abnormally successful schools we have a ground for 
trying to pass on to the analogical alignment. For ex- 
ample, if a, b, c, d seem to agree in the social class of 
their pupils wo should ask whether that involved any 
conditions especially favoui’able to study, as, e.g. oppor- 
tunities in the way of books, of cultured help from parents, 
of a quiet room for work. These would form the X of 
our analogical argument, and we should infer a probable 
connexion between facilities for study and success in 
examinations. 

But if a, b, 0, d do not agree in any such points we 
must seek further for oui’ S, and wo shall naturally look at 
the teachers employed and see if wo can find there any- 
thing differentiating a, b, c, d from those other schools 
which are less successful in the examination. If wo can- 
not, we obviously have not a suflicieut 5; if we can wo 
have an S in which wo may find the bond of relation to P 
in superiority of skill, of industry, or of numbers. 

Analogy then takes us an important step beyond mere 
enumeration. It is our first tentative effort towards ex- 
planation, and it rests on resemblance. Now as resem- 
blances are of all degrees of importance to the relation wo 
wish to establish it is evident that the probability of our 
conclusion may be of any degree of strength. If the X is 
superficial the argument can-ies little or no conviction. 
The inference that any other planet is inhabited by living 
beings like ourselves has no force if it is based onlj'^ on 
the fact that they also are members of the solar system. 
To the extent to which conditions essential to human life 
can be shown to exist, say on Mars, to that extent the 
argument to the probability of the existence of ‘ Martians ’ 
is strengthened. 

Arguments from analogy may thus be extremely super- 
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ficial — of rlietorical ratlier than of logical force. On the 
other hand, they ma}" be of considerable cogency. Every- 
thing depends on the nature of the resemblance. If it is 
really the ground of the P we are inferring — then we have 
only to make sm’e of this to pass from analogy to proof. 
We are seeking that bond of identity between our S and 
our P. So long as it is only probable, we are on the level 
of analogy : the more we can strengthen that probability, 
the stronger becomes our inference. So that analogy 
points beyond itself to further inductive methods. 

(ii) Force. — Before passing on to examine them we 
must briefly consider the question : What is the criterion 
of importance by which to judge the characteristics on 
which the inference is based? Eow ‘important’ and 
‘ essential ’ are relative terms, and point beyond themselves 
to something in relation to which the ‘ importance ’ and 
‘ essentiality ’ is groimded. A characteristic is important 
for one purpose, but unimportant for another ; and if its 
importance is so great that without it the former pui'pose 
cannot be achieved, we say it is essential. Essential, then, 
means ‘ essential for the end in view.’ Thus, the criterion 
of the value of an analogical inference must be found in 
the conception of purpose or end. 

This is easily seen when the cases with which an in- 
ference is concerned are purposive works of man. Eor 
example, by analogy we conclude that certain flints found 
in the earth are remains of weapons, because they bear 
marks of artificial shaping of such a kind as to adapt 
them to be cutting or piercing instruments, and corre- 
sponding, moreover, to those of flint weapons made and 
used by savages at the present day. Similarly we should 
infer by analogy that a pair of spiked shoes were intended 
for use at cricket, because the afixing spikes to cricket 
shoes has an obvious purpose. In organic life the end or 
purpose must be regarded as the perfection of nature 
reached through a long course of evolution. But inference 
here is often backwards, and then the nature is sought in 
the past. Thus, the biologist when his purpose is to attain 
knowledge of the common origin of divergent species of 
organisms seeks, as the ground of an inference from 
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analogy, tliose marks Tvbicli the course of evolution is most 
likely to have loft largely unmodified ; and they arc not 
generally those ivhich are most striking as points of resem- 
blance. 

From what has just been said it is evident that the force 
of an argument from analogy depends upon the character 
of the identity, and not upon tho apparent amount of 
similarity. As Mr. Sidgwick says : " Whenever ' degree ’ 
or ‘ amount ’ of resemblance or ditlcrence is spoken of, the 
student must remember that, for all purposes of reason- 
ing, a resemblance or difference is great or small, not 
according either to its power of strildng tho observer’s 
notice, or to tho number of ‘ points ’ (or details) into which 
it may be analysed ; but according to the importance of 
of its details in regard to tho matter in hand.”' 

Nevertheless tliis mistake has often been made, even by 
writers on logic. Tlius Mill says : “ Since tho value of an 
analogical ai'gument inferring one resemblance from other 
resemblances without any antecedent evidence of a con- 
nexion between them, depends on the extent of ascertained 
resemblance, compared first with the amount of ascertained 
difference, and next with the extent of tho unexplored region 
ofimascertained properties ; it follows that where the resom - 
blance is very great, tho ascertained difference very small, 
and our Imowledge of the subject-matter tolerably exten- 
sive, the argument from analogy may approach in strength 
very near to a valid induction. If, after much observation 
of B, we find that it agrees with A in nine out of ten of 
its known properties, we may conclude with a probability 
of nine to one, that it will possess any given derivative 
property of /I.”" 

But we do not number but weigh orm instances in 
analogy. And if we wished to number them, how could 
we do so ? Who shall decide as to whether a given point 
of identity or of difference is one ‘ property ’ or a dozen ? 
It is all a matter of arbitrary mental analysis. ‘ Properties ’ 
are not isolated and separate individualities, which we can 

' Process of Argument, p. 194, note. 

‘ Logic, III. rx. § 3. 
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count and enumerate as we can balls or books. It is, 
tberefore, meaningless to speak of, a ‘ratio’ in tbis con- 
nexion; for a ratio requires a unit, and a unit is here 
unattainable. Moreover, it is impossible to estimate tbe 
number of ‘imknown’ properties; suck estimation assumes 
tbem known, and therefore to speak of “ the extent of the 
unexplored region of unascertained properties ” is to fall 
into a contradiction in terms. 

Nor must it be assumed that eveiy point of difference 
furnishes a probability against the connexion of S and P. 
If the points of resemblance are essential, the points of 
difference may be disregarded ; and similarly, if the points 
of difference are essential, no amount of resemblance in 
other points will make the inference a safe one. The utter 
hopelessness of inferring from the relative “ extent of 
ascertained resemblance ” and “ extent of ascertained 
difference” is strikingly shown in the following passage 
from Dr. Wallace’s Banoinism, in which he is speaking of 
the variations of plants, and in which it is seen that an 
analogical argument from amount of resemblance not only 
may lead an enqumer wrong when he is comparatively un- 
acquainted with the subject-matter, but actually did mis- 
lead a great number of specialists : — 

“ All the cucumbers and gourds vary immensely, but the 
melon (Cucumis melo) exceeds them all. A Fi’ench botan- 
ist, M. Naudin, devoted sis years to their study. He 
found that previous -botanists had described thii’ty dis- 
tinct species, as they thought, which were really only 
varieties of melons. They differ chiefly in theii- fniits, 
but also very much in foliage and mode of growth. Some 
melons are only as lai-ge as small plums, others weigh as 
much as sixty-six pounds. One variety has a scarlet fruit. 
Another is not more than an inch in diameter, but some- 
times more than a yard in length, twisting about in all 
directions like a serpent. Some melons are exactly like 
cucumbers; and an Algerian variety, when ripe, cracks 
and falls to pieces, just as occurs in a wild gourd.” ^ 

Differences, then, cannot override essential identity. 


' Pp. 87-88, 
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But, in so far as our instances differ, these differences 
call for explanation, and Tvlien this explanation shows that 
they are not essential, but merely accidental, in relation to 
the purpose in view, the argument from analogy is con- 
firmed ; though it must be borne in mind, that this con- 
finnation can never amount to demonstration while the 
inference remains analogical. Thus, in the example just 
quoted, the strildng differences of the different varieties 
were shown on investigation not to bo essential ; that is, 
they were proved to be duo to the course of evolution and 
not to the original common nature which was the subject 
of investigation. 

(iii) Fallacies incident to Analogy. — It is evident 
that the use of analogy is peculiarly liable to lead to 
fallacious inference. If the analogy is a false one, the 
hypothesis suggested by it' will be VTong and the en- 
quiry will be started on a false scent. This is con- 
tinually happening in scientific investigations; further 
examination of phenomena constantly leads to modification 
or rejection of the hypothesis. In the former case the 
analogy on which the hypothesis was based was partly, and 
in the latter case wholly, eiToneous. 

When an analogy leads to a hypothesis which is after- 
wards found to be only partially true, and, therefore, to 
need modification, it is because the force of the analogy has 
been wrongly estimated. The analogy is really present, 
and really suggests a hypothesis of this general character. 
But the points of identity have been allowed too much 
weight relatively to the points of difference with which 
they are bound up, and, as a consequence, the hypothesis 
is found to break down in a detailed application. Here, 
it will be seen, we have really a fallacy of non-observa- 
tion of conditions as the starting-point of our false 
analogy. 

One special case of false estimation of the force of an 
analogy is when the exact point of the analogy is missed. 
In this case, points of identity which are important re- 
latively to one purpose are made the basis of an analogy 
directed to another purpose. The importance of points of 
identity we have already seen to be relative to purpose. 
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To apply to one end an analogy wliicli holds for another 
end may, therefore, yield a hypothesis -which may he of 
any degree of inaccuracy — ^partial or total — according to 
the remoteness of the Wo purposes from each other. The 
argument, humorously put into the mouth of Socrates by 
Plato in the Bepublic, " that if justice consists in keeping 
property safe, the just man must be a kind of thief ; for 
the same kind of skill -which enables a man to defend 
property, -will also enable him to steal it”^ is an in- 
stance of this species of false analogy. The identity in 
skill is not important in reference to the question under 
consideration. Por “justice is not a kind of skill, but a 
kind of activity. The just man is not merely one -who can, 
but one -who does, keep property safe. How, though the 
capacity of preserving property may be identical -with the 
capacity of appropriating it, the act of preserving is cer- 
tainly very different from the act of appropriating.” ^ 

To mistake the exact bearing of an analogy may, then,- 
lead to as much error as to assume the existence of an 
analogy where none exists ; in fact, utter mistake of the 
bearing of an analogy -wiU probably give rise to the appli- 
cation of it to cases on which it has no real bearing. 

The use of metaphorical language is a frequent source of 
such errors ; in those cases the false analogy may be said 
to be based on, and to grow out of, a fallacy of Figure of 
Speech. For instance, it is false analogy due to metaphorical 
language to condemn the metropolis because it is called 
the ‘heart’ or the ‘head’ of the body. As abnormal 
increase of these members points to disease in the natural 
body it has been urged that analogous diseases -wiU follow 
in the body pohtic if the capital of the country becomes 
veiy large. Thus Smollett in JSnmphry Glinlcer says of 
London : “ The capital is become an overgro-wn monster ; 
which, Hke a dropsical head, -wiU in time leave the body 
and extremities -without nourishment and support. . . . 
What wonder that our -villages are depopulated, and our 
faims in want of day-labourers ? ” How, the abnormal 
influx of labour into the great to-wns from the country is, 


‘ i. 334. 


* Mackenzie, Manual of Ethics, 3rd Edn., p. 15. 
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uudoubtedly, a social evil of considerable magnitude. But 
tlie gro'n'tb of the toTiSTis is the effect of tliis influx, not its 
cause, and the consequent evils are not essentially analogous 
to “leaving the body and extremities vrithout nourish- 
ment and support.” 

Ai’guments of this character were common among the 
G-reehs, who attached undue importance to words and the 
analogies they suggest. Tliat the goveimor of a state is 
like a pilot, for instance, is true in some points of not first- 
rate importance ; but that his functions are unlike those of 
a pilot in many other points which are of great importance 
is also true. 

A very common false analogy is that between a com- 
munity and an individual. As the latter goes through 
successive periods of growth, maturity, and decay, so the 
hypothesis is formed that every nation must do the same, 
and it is assumed that after a longer or shorter period of 
vigour and prosperity the nation must gradually lose its 
place in the world. The disastrous consequences of such a 
theory upon the energy of the nation in general and its 
leaders in particular are obvious and can scarcely be exag- 
gerated. And history lends some colour to 'the theory in 
recounting the rise and fall of great empires. 

Examination - of the circumstances tends, however, to 
show that such decay is not a necessary consequence of the 
continued life of the state ; it occurs at the end of periods 
more or less protracted, and may in every instance be 
explained by conditions independent of the mere duration 
of the community as an organised state. On the other 
hand, in the case of the individual organism, senile decay 
is a direct result of the constitution of the body, which is 
such that after a certain interval decay exceeds recupera- 
tion and at last necessarily ends in death. The fall of 
great empires is more analogous with death from disease 
than with death from old age. Hence, there is no reason 
to regard such decay of power and prosperity as the neces- 
sary end of a lengthened existence. 

The falsity of the analogy is well shown in the following 
passage from Burke’s Letters on a Regicide Peace : “ I am 
not quite of the mind of those speculators who seem 
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assured that necessarily", and by the constitution of things, 
all states have the same periods of infancy, manhood, and 
decrepitude, that are found in the individuals who compose 
them. Parallels of this sort rather furnish similitudes to 
illustrate or to adorn, than supply analogies from whence 
to reason. The objects wliich are attempted to be forced 
into an analogy are not found in the same classes of exist- 
ence. Individuals are physical beings, subject to laws 
universal and invariable. ^The immediate cause acting in 
these laws may be obscure : the general results are subjects 
of certain calculation. But commonwealths are not physical 
but moral essences. They are ai-tificial combinations, and, 
in their proximate efficient cause, the arbitrary productions 
of the human mind. We are not yet acquainted with the 
laws which necessarily influence the stabflity of that kind 
of work made by that kind of agent.”’ 

A favourite rhetorical form of the argument from analogy 
is to illustrate a great and complex relation by one familiar 
and simple. That by a ladder one may climb upwards is 
evident. So the enthusiastic platform ‘ educationist ’ has 
only to speak of "an educational ladder fr-om the gutter 
to the university ” to justify to most of those who hear or 
read his remarks the lavish expenditure of public money 
in scholarsliips. Pew ask what is meant by such rising in 
the world, or whether it is a public duty to help certain 
individuals so to rise above their fellows. The metaphor 
with its play on words is taken as a reality with an iden- 
tity in nature. 

Such metaphors are the stock in trade of the popular 
politician. He assumes that general and abstract reason- 
ing is “ caviare to the vulgar,” and so he dispenses both 
himself and them from the necessity of real thought, and, 
giving vein to his pictorial imagination, finds that he can 
‘ prove ’ anything, so that when he changes his funda- 
mental opinions he can support the new with equal sound 
and fury — and with equal want of conclusiveness — as he 
formerly upheld the old. 

Doubtless at times such analogical illustrations are per- 


' Worlds, vol. viii., pp. 78-79. 
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fciueut and helpful. But always they are open to the 
dangers that they may be superficial and therefoj-e mis- 
leading, or that even if valid they may be pressed further 
than theu' natm-e really justifies. That a wall is an 
obstacle to communication is a plain matter of fact. So 
the orator has only to speak of a tariff “ wall ” to suggest 
that the imposition of customs duties hinders trade in the 
same way as a wall hinders free passage, and that the 
higher they are the more effectively they do so. l^either 
he nor his hearers think it necessary to ask how far the 
analogy is a time one. 

As an exercise, the reader may ask himself what con- 
clusion he on rational grounds feels justified in drawing 
from the following argument of hli*. Deakin, at tho time 
prime minister .of the Commonwealth of Australia: “I 
should be veiy sony to see any doctrine adopted which 
suggests that it is intended to i\Tap the British Empire in 
a napkin in case it should catch cold. To treat it as if it 
possessed so tender a eutioie that it not ho touched 
without permanent and fatal irritation is to brand it as a 
poor organism incapable of coping with the ordinai'y diffi- 
culties in its path or the necessary ailments which come 
from abuses or mistakes.”* 

Fallacy from analogy, then, always consists in regarding 
the analogy as of greater probative force than it really has 
in relation to the case in hand. Obviously it reaches its 
climax when an analogy by itself is set forth and accepted as 
really proving anything. The strongest analogy only adds 
to the probability of a hypothesis, the proof of which must 
be sought in fm'ther enquiry. 


* Itie Great Preference Debate, pp. 187-188. 



CHAPTER XXXI. 

ESTABLISHMENT OF HYPOTHESES. 

1. Conditions of Establisliment. — We have seen that 
neither simple enumeration nor analogy can do more than 
suggest a tentative hypothesis which can only be trans- 
muted into an established truth by other and more exact 
processes of investigation. The logical analysis of these 
is now to occupy us. As a necessary preliminary, however, 
to oui’ enquiry we must see clearl}’- what is its aim ; that is, 
we must decide what conditions a hypothesis must fulfil to 
entitle it to be regarded as established and proved. 

These requirements were succinctly stated by Clifford : 
“ In order to make sure that your supposition is true, it is 
necessary to 'show not merely that that particular supposi- 
tion will explain the facts, but also that no other one will.” ^ 
To put it symbolically : If our suggested hypothesis is 
If A, then X, it cannot be held to be proved imtil we also 
establish If X, then A. This we have already seen is the 
aim of experiment.- Enumeration suggests A as the cause 
of X; analogy strengthens that suggestion by finding a 
ground for the relation. But if the hypothesis states a 
real causal law it is reciprocal, Hot only does A secure X, 
but X can be secured in no other way. 

This is always a task of mucli difficulty, and before the 
law or theory can be regarded as absolutely established 
it will have passed through many successive stages of 
increasing probability. The terms ‘Law’ and ‘Theory’ 
are not clearly differentiated, but the distinction, so far 
as it exists, is that a theory systematises a number of 
general relations or laws. 


1 Lectures and Essays, p. 137. 
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2. Direct Development of Hsrpotliesis. — Wlien we 
seek evidence to establish the truth of a suggested causal 
relation we may or may -not find it open to direct obser- 
vation, with or without the aid of experiment. If it is 
not we must work indirectly, and compare the facts wo 
can observe, not with the hypothesis itself, but with con- 
sequences we can deduce from it. This process we shall 
consider later. If, however, the hypothesis itself can bo 
directly brought to the test of comparison Avith fact, then 
the scientific worker adopts certain precautions in the 
selection and manipulation of the evidence ; and these the 
logician is able to analyse. The fii'st clear exposition of 
these practical methods of direct enquiry was given by 
HerscheP; the classical logical analysis was made by 
Mill.= Since then they have been generally accepted by 
logicians, though with the reservation that they are not 
nearly so conclusive and rigid as Mill appears to have 
believed. 

As analysed logically the methods of course stand apart 
as separate and independent modes of enquiry. This 
separation, however, is wholl3’'’the work of the logician, 
made for simplicity of exposition of their logical character. 
In actual scientific work they no more 'exist apart than do 
the vital, physical, and chemical processes in the life of a 
plant or animal. Hor can they ever be employed with 
that foimal rigidity which would be necessary to enable 
them to be by themselves absolute grounds of proof. 

AH the methods aim at elimination. Causal connexions 
are never found pure in nature : they are always associated 
with conditions which are irrelevant to them. To distin- 
guish what is relevant from what is in’elevant, and so to 
isolate the real causal connexion sought, is the only way 
in which that connexion can be revealed. This is a process 
of logical elimination which may or may not be aided by 
a physical separation. ‘ It proceeds on two fundamental 
principles; first, that whatever can be absent when the 
phenomenon is present is not causally connected with it, 

1 Prdiminary Discourse on the Study of Natural Philosophy. 

^ Logic, HL Lx. 3. 
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and secondly, that ■whatever can be present in the absence 
of the phenomenon is no part of its cause. These prin- 
ciples are direct applications of the doctrine of causation : 
they assume that every event must have a cause and that 
the same cause produces the same effect. 

The formal principle that if a definite set of conditions 
give rise to a definite set of phenomena, and if another set 
of conditions, partly like and partly unlike the former, give 
rise to another set of phenomena, also both like and unlike 
the former, then that a causal bond is indicated bet-n'een 
the elements ■which remain stable in both sets, and negated 
between those that rest ■unchanged in one set and change 
in the other, may be symbolically expressed. 

k B followed by xy 
AC „ „ xz 

causal connexion probable between A and x, but not 
between A and y, A and z, B and x, B and z, 0 and x, 0 
and y. The possibility of such a connexion between B 
and y, 0 and z is untouched. 

Such a formal statement bbscui'es the complexity of the 
I’eal work of thought. It suggests that the letters sym- 
bolise elements which are, so independent of each other 
that one can be added or removed ■without changing the 
other ; so that whatever we do with B or C leaves A free to 
work, and to work always in the same way and ■with the 
same measurable result. But in reality B or 0 may change 
the operation of /I in any way and to any degree including 
complete neutralisation ; as for example increase of pres- 
sure (5) may within limits prevent the expansion of water 
under heat (>1). Nature does not consist of elements thus 
separable, but of constituents each of which enters into 
every process in a way determined by the ■total nature of 
that process. 

Further, the symbolic statement suggests that the pre- 
liminary work of connecting conditions and result in 
thought has already been done. They assume that we 
know that it is m A B we are to look for the conditions of 
xy, and in xy for the consequences of A B. Rarely, indeed, 
is this the case in actual scientific enquiry. That selection 
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is tlie first rvorli io bo done and is liable tc error. To 
make an exbaustivo enumeration of conditions would bo 
impossible. As has just been said, the ‘ conditions ’ are not 
independent things but constituents of one process. We 
give them a land of spm-ious and artificial separate exist- 
ence according to our own convcnicnco. Largely at first 
wo think thus separately constituents which hare re- 
ceived separate names. But this takes us but a little way. 
Soon it is found that these obvious distinctions duo to 
more or less superficial observation are insufficient, and 
others have to be made. But always the independent 
existence of what we 63’mbolise b}' our letters is solely 
constituted by our oivu thought. 

From the whole mass of existence we select a little piece 
for examination, and in so selecting we isolate it in thought 
from the whole of which it is, and must always remain, 
really a part. In changing it we of necessity change the 
whole. Whether, then, what we attend to is what we 
ought to attend to for the purpose in hand is not a matter 
that can be decided in the easy, way the 53^^0110 formula 
suggests. The Iniowledge, insight, and tact of the enquirer 
are needed in their fullest power, and even so mistakes are 
frequent. It may easily happen that relevant conditions 
are ienored. Often it is only in the actual course of an 
enquiry that it is recognised that some condition is reall3' 
operative. Of course it existed at the beginning, but it 
was not thought worthy of consideration. So it is seldom 
indeed that a hypothesis emerges from an enquiiy in the 
form in which it entered that enquiry. As the work pro- 
ceeds the conditions really operative are more and more 
recognised, and the part the3’^ play more and more clearl3' 
apprehended. It is only gradually that we reach an3'thing 
like the simple connexion A followed by x, and when we do 
A and x have always ceased to be the coarsely apprehended 
‘ things ’ and ‘ events ’ which lie open to perception by the 
senses. So it is that these methods of enquiry which deal 
with just such perceptible sequences can never do more 
than make a causal connexion extremely probable. They 
can never lay bare its essence. 

From this it follows, too, that they speak of ‘ cause ’ and 
I. L. 25 
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‘ effect ’ — especially tlie latter — in a way intennediate 
between tlie rigid scientific conception and tlie loose use of 
popular speech. MiU granted that their results could not 
escape from the possibility that an event might be produced 
by various alternative ‘ causes.’ 

Such a doctrine of “plurality of causes” if applied to 
the ultimate nature of things makes Imowledge impossible; 
for it reduces to chaos any system wliich thought attempts 
to establish. But while we deal only with events and 
changes open to perception we cannot get to that inner 
bond of union which is only appreciable by thought. On 
the level of these direct methods, then, it must be granted 
that we are very unlikely to establish undeniably the 
reciprocal relation we seek. 

It is well to grasp these limitations of the methods, 
because the formal certainty suggested by then symbolic 
expression may othenvise lead us to regard as conclusively 
proved that which has only a presumption of greater ox 
less strength in its favour. For the ordinary pui-poses of 
life such presumption is often enough, but it never satisfies 
the demand for theoretical certainty. 

We win now examine, the methods in detail, but it is 
well to point out that the examples by which we illustrate 
each of them are bound to wear an air of artificiality, since 
in no case are they more than fragments torn from their 
true context in real investigations, and in some cases they 
have no importance beyond their illustrative value. In 
the next chapter an endeavour will be made to give speci- 
mens of actual scientific work directed to the discovery of 
truth, and it will then be seen that the methods are used 
to supplement one another in one and the same enquiry in 
a way which their separation for the purposes of exposition 
tends to obscure. 

(i) Iffiethod of Agreement. — ^Wlien we attempt to 
make enumeration more precise the obvious course to 
pursue is to seek the observed sequence in as varying 
surroundings as possible. The logical generalisation of 
this is known as the Method of Agreement. If only the 
sequence >1 — x" is found constant while the concomitant 
circumstances change in many ways the probability that 
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the relation oi A to r is c.ansal is enhanced by its per- 
sistency. Eepeating the general formiila already given : 

A B followed by xij, 

AC „ „ vz: 

the greater the divergence in the mass of concomitant 
circumstances summed up symbolically in B, G, ij, z, tlio 
greater the probability that A necessitates x. For example, 
“A person might suppose that the peculiar colours of 
mother-of-pearl were due to the chemical qualities of the 
substance. Much trouble might have been spent in fol- 
lowing out that notion by comparing the chemical qualities 
of various iridescent substances. But Brewster acci- 
dentally took an impression from a piece of mother-of- 
pearl in a cement of resin and bees’-wax, and finding the 
colom's repeated upon the surface of the wax, he proceeded 
to take other impressions in balsam, fusible metal, lead, 
gum-arabic, isinglass, etc., and always found the iridescent 
coloims the same. He thus proved that the chemical 
nature of the substance is a matter of indifieronce and 
that the form of the surface is the real condition of such 
colours.” ‘ . , ■ - , 

The method of agreement resembles simple enumeration 
in its reliance on number of instances, but it differs from 
it in the stress laid on variety in the accompanying cir- 
cumstances. As far as possible the examples taken should 
be typical, and a mere repetition of instimees of the same 
kind is avoided. Spealdng of chlorophyll, the green 
colouring matter in plants, Hobhouse says, “ All butter- 
cups are plants, and all buttercups contain chlorophyll ; 
but I might examine a million buttercups, and on the 
question whether all plants contain chlorophyll, I should 
remain precisely where I was when I had examined half-a- 
dozen. But if I examine a buttercup leaf, a blade of 
grass, a fern, a moss, a volvox, and a protococcus, my six 
observations will give me a very fail’ right to generalise. 
Homally, plants contain chlorophyll.” ^ 

1 Jevons, The Principles of Science, p. 419, 

® Theory of Knowledge, p. 368, 
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The strength of the generalisation depends on the 
agreement in one particular amid rerj "mde divergencies 
in other respects. To be formally cogent the method 
demands that there should be agreement in only one 
particular, and of that we can never be sure. The un- 
certainty may be lessened by the Icnowledge that some 
circumstances which have not been excluded are irrele- 
vant from the point of view of the enquiry which is being 
undertaken. Moreover, certainty can only be assui-ed if 
the instances taken are exhaustively representative. This, 
again, is a demand which in practice cannot be absolutely 
fulfilled. 

As a matter of fact there are exceptions to the rule that 
plants contain chlorophyll, though probably the majority 
do. However, if the differences in the instances are very 
marked, a few examples are sufficient to suggest a con- 
nexion. Darwin observes in the Voyage of the Beagle: 
“ There is one vegetable production deserving notice from, 
its importance as an article of food to the Puegians. It is 
a globular, bright-yeUow fungus, which grows in vast 
numbers on the beech-trees. When young it is elastic 
and turgid with a smooth sui-face; but when mature 
it shi'inks, becomes tougher, and has its entme surface 
deeply pitted or honeycombed. This fimgus belongs to a 
new and curious genus; I found a second species on 
another species of beech in Chile ; and Dr. Hooker informs 
me, that just lately a third species has been discovered on 
a third species of beeches iu Van Dieman’s Land. How 
singular is this relationship between parasitical fungi and 
the trees on which they grow in distant parts of the 
world.” ^ The expression of surprise is prompted by the 
thought that there is probably some reason for the growth 
of the fungus on one class of tree, but Darwin is far too 
cautious' to state the connexion more than tentatively. All 
that the method of agreement can do to confirm a sug- 
gested relation is by varying the circumstances to make 
less and less probable the irrelevance of any element which 
remains. When so much else is changing we can in most 


* The Voyage of the Beagle, Cli. XI. 
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cases suggest uo sufEcient reason for t ho continued pres- 
ence of the clement except that it is causally connected 
•with the phenomenon. 

There are other reasons why the method of agreement 
does no more than strengthen a h}'pothesis of causal con- 
nexion. It is mainl}' a method of observation, and is 
most appropriate in those cases -where the phenomenon is 
not amenable to manipulation, but occurs in nature in a 
variety of forms. Occasionally the variety may bo partly 
produced by experiment. None the less, analysis aiunot 
on this method be pushed very far. Wo may find, for ex- 
ample, that many bodies agree in the ono fact that they 
aro transparent to light. But obviously this is merely a 
suggestion for enquiiy : it does not explain in any way the 
connexion. And if an examination be conducted into the 
relation of light-vibration and the molecular structiu'G of 
these transparent bodies, the indirect method must be 
resorted to. So the probable connexion between the 
ii'idescent colours of mother-of-pearl and the fom of the 
markings in each substance is an indication that the ex- 
planation probably depends on some relation of the light 
to this special form, but no direct method is adequate to 
detei'mine what that relation is. 

Moreover, the method of agreement is peculiarly liable 
to be vitiated by that “plurality of causes” which no 
dii'ect method can altogether escape. To revert to oim 
symbolism, ; /IG...xz; AD...xt-. AE ...xs...Qtc. No 
doubt -with each elimination the probability that x is due 
to anything present in the instances except A is decreased. 
But it must be remembered that B, 0, D, etc., symbolise 
the whole mass of possibly relevant concomitants and not 
merely such isolated elements as we attempt to secure 
under A . Nm-ther, that all the constituents of a phenome- 
non are so inter-related that it is quite conceivable that if 
we could really isolate A we should find it inadequate to 
secure x- Industry may be essential to success in life, but 
if we could conceive a person who had none of the auxiliary 
quality of intelligence and no favourable circumstances of 
life, we should not expect him to be successful. We never 
get a real isolation of the working of A , and it may well be 
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tliat liy itself it is poiverless ; tliat is, tliat our isolation of 
A in tLouglit as the cause of x has been only partially 
correct. So that -while the method of agreement gives a 
presumption in favour of a bond of causality between A 
and A' it does little to support a hypothesis that in we 
have the full and sufficient cause of x. 

The method is powerless, too, to discriminate between a 
causal connexion and a case of co-existence. Thus we may 
have at the end of oui’ elimination the apparent sequence 
A — X, but X may be a permanent fact in natm-e which 
remains as a residuum because of its permanency. The 
true test would be made if A were introduced : the con- 
sequent appearance of x would disprove the suggestion 
that -v is permanent. “ Wherever there is sea we find sky : 
but we do not make sea the cause of sky, because we do 
not find the sky coming into being when or where the sea 
appears.”^ The fact that wherever animals are niminants 
they are cloven-hoofed does not make niminancy a cause 
of cloven feet. Both may be directly connected -with some 
fui-ther condition, or the connexion may be so remote, as in 
the case of sea and sky, as to be considered purely casual. 
An example already given as an illustration of a non-causal 
sequence is also in point here. However different the 
nights we experience may be in other respects they all 
agree in beiug preceded by day. Here day and night are 
joint effects of a cause not open to sense-perception : and 
theoretically there is always the chance that this may be 
the case in any conjunction of elements arrived at by the 
method of agreement. 

Enough has been said to show that the method of 
agreement cannot give certainty. There is no need to 
exaggerate its defects. It is frequently sufficiently cogent 
for pi-actical purposes j and sometimes it is the only 
method of investigation which the nature of the material 
under consideration allows. Its main function, however, 
is to suggest hypotheses which require further examination. 
When Pasteur found in a large number of diseased silk- 
worms placed in turn beneath the microscope in various 


^ Hobhouse, Theory of Knowledge, p. 367. 
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stages of gro-wtli tliat certain corpuscles were always pre- 
sent, tlie connexion between the corpuscles and the disease 
was a h3'pothesis worthy of closer examination ; when in 
many healthy worms no trace of corpuscles could be found 
the hypothesis was greatly strengthened. 

(ii) Method of Exclusions. — If, then, mere positive 
agreement in the presence of x with A is so inadequate as 
a means of theoretical proof we naturally turn next to 
seek negative confiimation by examining instances of the 
absence of /I to see if they are all marked also by the 
absence of x. This gives rise to the Method of Exclusions 
or Joint Method of Agreement and Difference, as Mill 
named it. 

Evidently our negative instances should resemble the 
positive ones as nearly as possible in every particular 
except the absence of A. They must, therefore, be the 
same kind of facts. It would not do to take any example 
of the absence of the phenomenon. Indeed, if the cases 
in which it occurs possess besides the supposed cause A , a 
number of other elements, say B, C, D, E, F, G, the negative 
instances, to be at all conclusive, should contain among 
them all these other circumstances, and thus show that 
each of them can be present when the phenomenon is 
absent. This is in practice too stringent a requirement : 
but the method adds little to the probability unless the 
resemblances between the two sets of phenomena are so 
marked that they are recognised as instances of the same 
type. The only important difference should be the pre- 
sence in one case, and the absence in the other of the 
suggested cause and effect. 

The force of the argument depends on the degree of 
probability with which we are assured that all the relevant 
conditions are under consideration. The method does not 
require prepared instances: it takes such as are open to 
observation. We search for examples as nearly alike as 
possible except for the one important difference of presence 
and absence oi A — x, but it is rarely that nature presents 
instances which do not exhibit other differences as well, or 
which allow in then’ totality of a complete elimination of 
such differences. The only way to minimise this objection 
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is to make botk positive and negative instances as varied 
and numerous as tlie given investigation seems to demand. 
Then the probability that an adequate exclusion has been 
effected null be considerably increased. 

The consideration of negative instances makes the liabi- 
lity to error through the existence of “ plui’ality of causes ” 
practically negligeable. If we take a number of cases of 
agreement, e.g. A B G — pqi\ A D E — pst,yve have to allow 
that B, G, D, or E may be the cause of p, but when we find 
that these elements can be present when the phenomenon 
does not occiu', there is no motive for entertaining them 
as possible alternative causes unless we have reason to 
believe that any one of them is counteracted in its tendency 
to produce the result by an element with a tendency of 
opposite quality. If we were sure that each relevant 
circumstance had been included in the negative instances 
the argument from plru’ality of causes would have no 
Aveight in the absence of such a suggested cormteraction. 

The method is frequently used in common life and in 
social investigations. • Suppose a man to suffer from sleep- 
lessness and to seek its cause. The range within which 
the search must be made is wide, and the possible causes 
somewhat indefinite in character. He will proceed to 
compare carefully the circumstances preceding his sleepless 
nights with those preceding nights of satisfactory rest. 
He may find that among such conditions as late hours, 
prolonged study, varied drink and diet, worry and so 
forth, followed by sleeplessness, all may be present in 
cases of normal slmnber except say the nightly cup of 
strong coffee. The latter then is suggested as the re- 
calcitrant habit which must be broken if insomnia is to 
be cured. 

The application of the method is here, as in most of 
the enquh’ies of ordinary life, of a loose description. 
For example, there are many factors of temperament, 
constitution, and general habits of life, which are in- 
capable of elimination. An investigation into the effect 
of half-time employment on physical development avails 
itself of the same procedui’e. Height and weight are 
taken as ti’ustworthy indications of physical condition. 
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Statistics are compiled in relation to cliildren of the same 
average age and general home surroundings (1) in half- 
time attendance, (2) in full attendance at school. In the 
first cases a physical deterioration is present which in the 
second series — ^that is, the negative instances — is absent. 
Here half-time attendance is a compendious description of 
a group of elements such as heavy physical strain, dust- 
laden atmosphere during toil, noise of machinery, excessive 
heat, whose separate effects in the whole loosely termed 
physical deterioration can be recognised, if not precisely 
determined, by a continued application of the same method. 

An example from a scientific investigation is worked out 
in the next chapter. Daiwin determined that the forma- 
tion of vegetable mould was the result of the action of 
earthworms by an examination of positive and negative 
iastances. Where the vegetable mould was formed earth- 
worms were active: where it was not formed the earth- 
worms were absent from the soH.^ 

The use of the negative instance enables us to set aside 
definitely all the elements which are present in the absence 
of the phenomenon. It thus limits the field of possible 
causes, and if made precise enough, would indicate by a 
complete exclusion the true cause. 

(iii) ItZethod of Difference. — The desire to secure two 
instances differing only in the presence in the one, and the 
absence in the other, of the suspected cause naturally leads 
to experiment. Hature does not present us with such in- 
stances. But in experiment we can sometimes introduce 
our /I into a set of conditions from which it was absent. 
We can, for example, put some ground coffee into boiling 
water, and we are justified in attributmg the change in 
colour, odour, taste, and effect as a beverage, to that in- 
fusion. Such an instance brings out an important point, 
which we have already conridered rmder causation, that 
it is not the coffee by itself — i.e. as a separate element — 
but only in its union with the boiling water which produces 
the result.^ So when into a set of conditions B wmch have 
as a result y we introduce /I , and find y becomes x y, 


See pp. 416-420. 


“ See p. 310. 
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■we can only say tliat the introduction of h caused the 
change, not that A by itself would ever give x. 

To mate one change at a time and to watch the result 
is the object of the Method of Difference, which is essen- 
tially the Method of Experiment. How complex or how 
simple is the change made depends upon the minuteness 
of om’ mental analysis of the phenomenon in question and 
upon our power to isolate in reality elements we have 
ah'eady segregated in thought. Obviously the more simple 
it is the nearer we approach to the certainty that the hypo- 
thesis of causal connexion between A and x is justified. 

Formally the method may equally well start with A B — 
xy and proceed by remo'ving A in the hopes that x will then 
disappear, or with B — y and proceed to add A in the ex- 
pectation of securing x. But practically the latter is 
generally the more convenient — it is easier to add coffee 
to hot water than to start with the coffee infusion and 
remove the coffee. 

Examples abound in common life and in science. A 
man attributes a bruised elbow to a fall, a sudden draught 
to the just opened door, the blotting of a landscape fi-om 
view to an uproUing mist. When a current of electricity 
is passed tlrrough a galvanometer the resulting deflection 
of the needle is ascribed to the cuiTent ; when sodium is 
added to dilute sulphuric acid it is regarded as causing the 
release of hydrogen; when a lesion is made in the cere- 
brum of a frog there is no hesitation in connecting it with 
any consequent paralysis of movement. 

How experiment involves the control and manipulation 
of some at least of the elements which are present. Since 
the number of elements is indefinite, and we wish to add 
or subtract one only, we must ask on what grounds one is 
selected in pi'eference to another. Occasionally the elements 
may be chosen without any definite reason in order to see 
what happens when they are added or taken away. But 
such random experiment is suited rather to complete ignor- 
ance than to any stage of knowledge. Analogy will prob- 
ably indicate what variations are promising, if no more 
definite suggestion is at hand. As a rule, however, the 
investigator by one or other of the methods is in posses- 



MtiTHOt) OP iJIFPEfeENOlI. 


395 


§21 

sion of a suggested causal relation 'wMch he desires to test. 
There is some definite fii ■which is thought to be the cause 
of the phenomenon, and it is his business by introducing 
or -withdra-wing h to -watch for any corresponding change 
in the facts. 

The method, it -will be noted, directly investigates the 
effects of a given cause. It -works forwards, from cause 
to effect. Eegarded as a mode of discovering the cause of 
a given effect, it is an application of the indirect method. 
We assume the possibility of a given cause as sufficient to 
account for the phenomenon in question. We then try 
to introduce that cause into a suitable set of conditions so 
as to see if it fulfils our expectation by securing the change 
■which we believe it capable of producing. 

The method formally demands the inclusion or exclusion 
from a given set of conditions of one element at a time. 
This is necessary on the ground that if two or more ele- 
ments were involved it would be impossible to teU in what 
way the effect was related to them. It might be due to 
them in any conceivable combination, and the method 
would lose the precision it claims. To obviate this and to 
make the experiment decisive there should be one circum- 
stance added to or -withdra-wn from kno-wn conditions. 

But to lay do-wn this requirement is to demand a much . 
greater knowledge and manipulative skill than is usually 
available. It may heed many experiments extending over 
a longer or shorter period, it may even need a new dis- 
covery, before the desired single difference is obtained. 
The conditions into which a new element is introduced 
may be imperfectly kno-wn, and thus give rise to an 
erroneous inference. It is well kno-wn that a current of 
electricity passed through water decomposes that substance 
into its component gases, hydrogen and oxygen. In early 
experiments of this kind it was noticed that an acid and 
an alkah formed at the two opposite poles where the cur- 
rent entered the water. Since the composition of water 
was known it was thought by some that the introduction 
into it of the electric cmuent was the sole cause of the 
production of the new substances. But unkno-wn to them 
other conditions were present which accounted for the 
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cliange. It was left to Davy to demonstrate tlieir presence. 
Ho “ conjectured that there might he some hidden cause 
of this portion of the effect: the glass containing the 
water might suffer partial decomposition, or some foreign 
matter might be mingled with the water, and the acid 
and alkali be disengaged from it, so that the water would 
have no share in their production. Assuming this, he 
proceeded to try whether the total removal of the cause 
would destroy the effect, or at least the diminution of it 
cause a corresponding change in the amount of the effect. 
By the substitution of gold vessels for the glass, without 
any change in the effect, he at once detennined that the 
glass Avas not the cause. Employing distilled water, he 
found a marked diminution of the quantity of acid and 
alkali evolved; yet there was enough to show that the 
cause, whatever it was, was still in operation. The im- 
purity of the water, then, was not the sole but a concmu'ent 
cause. He now conceived that the perspiration from the 
hands touching the instruments might affect the case, as 
it would contain common salt, and an acid and an allcali 
would result from its decomposition under the agency of 
electricity. By carefully avoiding such contact, he reduced 
the quantity of the products still further imtil no more 
than shght traces of them were perceptible. What re- 
mained of the effect might be traceable to impurities of 
the atmosphere decomposed by contact with the electrical 
appai’atus. An experiment detei'mined this : the machine 
was put rmder an exhausted receiver, and when thus 
secm-ed from atmospheric influence, it no longer evolved 
the acid and the alkali.” ‘ Thus by successive experiments 
the passage of the cm-rent through the water was seen to 
be the sufficient cause of its decomposition into hydrogen 
and oxygen. 

It is equally easy to be under the impression that only 
one element is being added when in reality more than one 
are introduced. This was well illustrated in the con- 
troversy betiveen Pouchet and Pasteur as to the existence 
of spontaneous generation. Pouchet submitted that his 

1 Gore, The, Art of Scientijic Discovery, pp. 432-433. 
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experiuieuts, conducted witli extreme precautions, proved 
that “ animals and plants could be generated in a medium 
absolutely free from atmospheric air, and in which, there- 
fore, no germ of organic bodies could have been brought 
by air.”* AH germs in the material used were destroyed 
by heat, and chemically prepared oxygen was substituted 
for ordinary air in order to sustain the life generated. 
Pasteur showed that in spite of his precautions Pouchet 
had deceived himself in thinking that germs from the air 
had been excluded. He then went on to demonstrate by 
ingenious tests of his own devising that when air was 
pui-ified from germs by being passed through cotton wool 
or asbestos it was powerless to generate life in an alterable 
liquid, itself deprived of germs by ebullition ; while the 
same liquid abounded in life when exposed to unfiltered 
air. Another experiment in which the germs in the air 
were destroyed by heat was objected to on the ground that 
the heat might conceivably affect other elements in the air 
which it was said might be necessary for the spontaneous 
generation, e.g. 'electricity, magnetism, ozone, unlmown 
forces even.’ To change one circumstance and one only 
is a matter for great practical sagacity. 

We cannot assume that the introduction of a new ele- 
ment is the sole cause of any change which may ensue. It 
is always necessary to take account of the conditions on 
which it supeiyenes. In another context no such change 
might appear, and in such cases the new element is the 
occasion rather than the cause of the result. The lighting 
of a fuse attached to a charge of blasting powder may be 
followed by the shattering of a rock. Although the only 
difference between the elements before and after is the 
lighting of the fuse we do not think of it as the cause of 
the explosion. 

Again, collateral but unobserved changes may be set up 
which are the real conditions of the observed effect. This 
is often so in physiology. A certain brain area is stimu- 
lated by pressure, electricity, or some other means, and a 
reaction say in the shape of a specific movement follows. 

* Vallery-Radofc, Life of Pasteur, Eng. Trans., p. 93, 
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That reaction may be due, however, not to the excitement 
of the first area, but to the collateral and imobserved 
excitement of a second area with which the movement is 
directly connected. 

Too great an interval must not elapse between the intro- 
duction of the supposed cause and the noting of the effect. 
For in the meantime other elements may creep in which 
may modify or bo the true constituents of the cause. 
Quinine taken one day may or may not have allayed the 
fever which disappears a few days later. It is not the mex’e 
interval but the difficulty of maintaining continued control 
of the conditions which gives importance to the element of 
time. Where the conditions throughout are not liable to 
outside interference a great length of time may even be in- 
dispensable. Certain experiments of Sir William Thomson 
are of this type. He placed “ small quantities of blue 
vitiiol and other colom-ed soluble substances in the bottom 
of very tall vei-tical glass tubes, filled with water and her- 
metically sealed, in order to ascertain the amoimts of 
diffusion, etc., and other effects after a great length of 
time. ... It is calculated that several hrmdreds of years 
wiU be required to complete the diffusive process.” * 

It sometimes happens that certain forces are kept in 
equilibrium by the counteraction of their several tendencies 
to produce given effects. A new factor introduced may 
simply liberate these forces so that they may have free 
play. A train at rest on a steep incline is set in motion by 
releasing the brakes : but no one would assign such release 
as the true cause of the motion. A closer analysis would 
reveal weight, incline, and comparative absence of friction, 
as elements in producing the acquired momentum, and 
that each is so operative could be shown by further appli- 
cations of the method of difference. 

In these various ways the apparent inference to a pm'e 
causal connexion through the method of difference is 
rendered precarious. Its probability is increased, if there 
is other evidence, such as that gathered by the method of 
agreement, to support it. By varying the contexts to which 

* Gore, Art of Scientific Discovery, p. 558. 
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a given cauFO is added it maybe possible to determine just 
vrbat other factors arc necessary to the change, and a know- 
ledge of their properties maj* enable us to decide more 
precisely the contribution to the ofTcct made by the sup- 
posed cause. 

Wlien it is said that ono experiment, is sufficient to 
e.stablish a causal relation it is implied thatonly ono known 
element is added to, or withdrawn from, a sot of conditions 
whose results are Imown. The diflercnce that ensues can 
then bo assigned to the new factor of the introduction or 
withdrawal of the element. But the causal bond is between 
the two changes, not between two ' things ' or ‘ elemonts.’ 

(iv) HTethod of Concomitant Variations. — The 
methods wo have considered aro lacking in quantitative 
precision, and in some cases cannot bo applied. Tliey aro 
usefvilly Bupplementcd by (he Slethod of Concomitant 
Variations, which does not differ essentially from them 
in principle. Listead of an examination of instances in 
which cause and effect are present or absent as a whole, 
cases aro considered in which there is a corresponding 
variation in the elements suspected of being causally con- 
nected. Any kind of variation is not sufficient. The 
argument rests on the assumption that cause and effect are 
equal in energy : increase or decrease in the ono must lie 
followed by a proportionate change in the ot her. For direct 
causal connexion then wo require a variation in simple 
proportion. Symbolically 

A 2A U 

I I I . . . . 

X 2x 3r 

Evidently if A is the whole- cause of x each additional A 
must be followed by an additional x. If this is secured 
the probability of causation is strong. But stated thus 
abstractly no account is taken of the other elements pre- 
sent. It is assumed that these remain the same, and that 
the sole difference in each case is the quantitative change 
in A. The assumption is justified if A can be varied at 
will, so that we may try the effect of the introduction or 
withdrawal of successive amounts of A, Wo are then 
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adopting a modified fonn of the method of difference : the 
change in this case being pui*ely quantitative and stopping 
short of the complete removal of the suspected cause. 

But experiment is not always possible, and then it is not 
lihely that instances exhibiting change in simple proportion 
will be found open to observation. Whether they are, or are 
not, a new difSculty arises. Both changes may be due to a 
third element which remains undetected, because hidden 
from observation. If the connexion is of the simple type 
that we have considered there may be no reason to suspect 
that it is dependent on unknown conditions. If, however, 
the variation is in any other than simple proportion wo 
know that we have not the whole cause of the phenomenon 
before us. In such a case ns A — x, 2A — 4x, ZA — 9a-, etc., 
were A the sufficient cause of x "we cannot see why the 
addition of A should bo followed by a more than propor- 
tionate increase in x. The evidence for some connexion 
between them is strong, and since it is not directly that of 
cause and effect, we are led to assume that they are probably 
joint effects of some unlmown cause. It is not necessary 
that the changes in amount should be measured in the same 
dii-ection. increase in the cause may be followed by a 
numerical decrease in the effect; for example, an increase 
in pressui-e will at a constant temperature be followed by a 
diminution in the volume of a gas. But the energy before 
and after remains the same. 

We cannot by the method of concomitant variations, any 
more than by the other methods taken singly, determine 
with certainty a causal connexion. This is especially so 
when the variation cannot be exactly measured. Then we 
cannot tell whether the change is or is not fortuitous. In 
combination with other methods we may, however, deter- 
mine the nature of the connexion if any exists. To take 
a simple illustration from Darwin. He found that on 
Keeling Island “the wells are situated from which ships 
obtain water. At first sight it appears not a little remark- 
able that the fi-esh water should regularly ebb and fl.ow with 
the tides; and it has even been imagined that sand has 
the power of filtering the salt from the sea-water. These 
ebbing wells are common on some of the low islands in the 
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West Indies. The compressed sand or porous coral rock 
is permeated like a sponge with the salt water ; but the rain 
which falls on the surface must sink to the level of the 
surrounding sea, and must accumulate there, displacing an 
equal bulk of the salt water. As the water in the lower 
part of the great sponge-like coral mass rises and falls 
with the tides, so will the water near the surface ; and this 
will keep fresh, if the mass be sufficiently compact to 
prevent much mechanical admixture ; but where the land 
consists of great loose blocks of coral with open interstices, 
if a well be dug, the water, as I have seen, is brackish.” * 
Here we see the method of exclusions resorted to in order 
to explain a concomitant variation, which in itself only 
suggested some kind of connexion between wells and tides, 
but in that very suggestion presented the difficulty that the 
water in the fomer case differed from that in the latter. 
To establish a causal connexion it was essential to account 
for this difference by showing how the salt of the sear- water 
was eliminated.’ 

The method of concomitant variations is of greatest value 
when the variations in amount or intensity can be exactly 
measured. Indeed in this respect it has the advantage 
over all the methods we have already considered. A rela- 
tion which has been broadly established by the method of 
difference or the method of exclusions is at once rendered 
precise when it is determined as a relation of quantity. 
That heat causes the expansion of metals is a sound enough 
conclusion from the method of difference, but it is vague. 
When we know that a certain quantity of heat will produce 
in each case an increase in bulk exactly represented by the 
coefficient of expansion, we not only increase our power of 
effective manipulation in cases where the force is under 
control, but the understanding has a better grasp of the 
facts. Mathematics is the best means that science has at 
its command for attaining pi-ecision, and a law of nature 
is held to be most completely determined when it can be 
mathematically expressed. 

* The Voyage of the Beagle, CIi. XX. 

’ The complete logical analysis is left as an exercise to the 
student. 
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The corresponding changes in quantity between two 
elements which are supposed to be dii-ectly or indirectly 
in causal relation to each other may be graphically repre- 
sented by means of a curve. A horizontal line is drawn 
from a fixed point, and a series of points at equal distances 
from one another are taken to represent equal amounts of 
the one element, while on a vertical line da-awn from the 
same fixed point are mai-ked off in a similar way equal 
spaces to represent equal amounts of the other element. 
From each point on the horizontal line vertical lines are 
di-awn to meet horizontal lines di-awn from each of the 
corresponding points on the original vertical line. The 
intersection of each pair of lines gives a series of points 
which when joined give the cuive representmg the 
relation. This cuiwe shows at a glance the degree of the 
variation and whether it takes place in a regular manner. 
The newspaper weather charts represent in this manner 
the variation in the height of the barometer fi-om day to 
day. Here, of course, there is no direct causal rekition. 
Economists often use the same device. For example, it is 
usual to di-aw a curve repi-esenting the influence of 
successive doses of capital on the return got from land 
under cultivation. The horizontal divisions, or abscissae, 
represent the capital : the vertical divisions, or ordinates, 
the yield in crops. The cia-ve -within certain limits is 
regular in form, and in the direction of a more than pro- 
portionate increase in the return. One might be tempted 
to expect that since the general direction of the curve 
indicates an increase it might be indefinitely continued, 
and so the conclusion be di-awn that every increase in the 
amount of capital -will be followed by a more than pro- 
portionate return. But when the increase goes beyond a 
certain point it is found that the yield diminishes in 
value, and the curve consequently undergoes a change in 
direction. 

What the cm-ve represents to the eye as a break in the’ 
continuity of the relation is merely a graphic representa- 
tion of the truth that a variation which holds good -within 
a definite range of experience may not hold when the range 
is extended. If then we extend the range of such variation 
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simply as an inference without testing its truth by an 
appeal to fact we may be exposed to contradiction. “Water 
contracts as it is cooling. Suppose we begin to note this 
continued contracting of water from 100° P. to 90° ; we 
naturally expect to find it continuing through 90° to 80°. 
And as we observe, we find our expectations confirmed. 
And so on through to 40°, we find tliat water continues to 
contract. It is, therefore, most natural for us to expect to 
find water contracting at 39°. But just at this point in 
the series, there is a break in the continuity of variation ; 
at 39° water begins to expand and so continues until it 
passes into the solid form at the freezing-point.” ^ We must, 
then, be cautious in making or accepting such inferences. 
The only safeguard is to submit them to experimental tests 
over a wide range of instances until the critical points at 
which the law is modified, if such”exist, are discovered. 

The complete exclusion of a cause required by the method 
of difference is not always practicable even where the 
cause allows to some extent of experimental control. There 
are permanent elements in nature such as the force of 
gi-avitation, heat, friction, of which we cannot get rid. But 
though we cannot remove them we may by various devices 
make their action greater or less in amount, and note 
the changes which ensue. In this way we can learn much 
of their nature, and often formulate the law of their 
action even though we only find it exemplified as a ten- 
dency which is always to some degree counteracted. 
This is a most useful application of the method of Con- 
comitant Variations. MiU instances the fii-st law of 
motion — ^that all Bodies in motion continue to move in a 
straight line with unifoim velocity until acted on by some 
new force. Ho example of perpetual motion occurs in 
nature ; but various obstacles to it such as friction and 
retardation of the atmosphere may account for this. If 
^ that be so a diminution in the resistance due to them should 
be followed by an increase in the time during which a 
given -velocity is maintained. Experiments showed that 
this was the case. “The simple oscillation of a weight 

* Hibben. Inductive Logic, pp. 142-143. 
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suspended from a fixed point, and moved a little out of the 
perpendicular, Tvhich in ordinary circumstances lasts but a 
few minutes, was prolonged in Borda’s experiments to 
more than thirty hours, by diminishing as much as possible 
the friction at the point of suspension, and by making the 
body oscillate in a space exhausted as nearly as possible of 
its air. There could, therefore, be no hesitation in assign- 
ing the whole of the retardation of motion to the influence 
of the obstacles ; and since, after subductmg this retarda- 
tion from the total phenomenon, the remainder was an 
uniform velocity, the result was the proposition known as 
the first Law of Motion.” * 

Perhaps the most important examples of variations due 
to a common but unobserved cause are those which occur 
in fixed periods. The movements of the tides which change 
regularly in character according to the position in the 
heavens of the sun and moon are an often quoted example. 
Another remarkable periodic coincidence is that between 
the occurrence of the Aurora Borealis, magnetic storms 
and changes in the spots on the sun. In the middle of the 
nineteenth century it was established that once in about 
ten years magnetic disturbances reach a maximum of 
violence and frequency, and that at about the same inteiwal 
the activity of the sun spots is at its greatest. Further, it 
was discovered that the Aurora Boreas is associated with 
a disturbed condition of the sun. ' “ Subsequent detailed 
obseiwation has exhibited the cuiwe of auroral frequency 
as following with such fidelity the jagged lines figuring to 
the eye the fluctuations of solar and magnetic activity as 
to leave no reasonable doubt that aU three rise and sink 
together under the influence of a common cause.”" What' 
that cause is has not yet been discovered. 

(v) Method of Residues. — We have considered the 
preceding methods in the simplest form by assuming that 
each investigation attempts to establish one causal con-, 
nexion in a series of complex phenomena. Of course, the 

* Mill, System of Logic, Bk. Ill,, Ch. viii., § 7. 

* Gierke, History of Astronomy during the XIXth Century, p. 161, 
of. pp. 156-161. 
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advance of knowledge demands tliat such investigations 
should be made again and again with the same land of 
sequence, in each case considering a fresh set of relations. 
At first the residue denoted hjB — y in our general formula 
A B .... X y is 0. great complex as yet unanalysed. But as 
enquiry goes on this is more and more known and we are 
ahle to describe the sequence as 

ACDE....Z xopq ...m 

where 

A — X, G — 0, D — p, E — q.... 

are all known connexions, so that the I'emainder, Z — m, 
is itself of a very simple nature. There is then a strong 
presumption that Z — /w is a causal connexion. This is 
known as the Method of Residues, and it is evident that it 
is only applicable to matter which has already been the 
subject of much investigation. 

Now either Z can be withdrawn, in which case the hypo- 
thesis of its relation to m can be tested by the method of 
Difference ; or it can be varied in amount, when the method 
of Concomitant Variations is available ; or parallel instances 
can be found of its presence and absence, when the method 
of Exclusions comes into play ; or none of these are 
possible, in which case it is necessary to resort to the 
indirect method of deducing the various forms in which 
the consequences of Z would appear in different sets of 
co-operative circumstances, ~and seeking verification by 
comparison of these expectations with actual facts. 

Obviously, the mere fact that Z— m remains unexplained 
is only a negative kind of presumption that they are 
causally connected, and before it can be accepted as 
established it must have positive confii-mation. Certainly 
the more the whole phenomena have been analysed the 
greater presumption of truth this hypothesis has at the 
beginning — the simpler is the positive demonstration 
needed. 

In other cases the hypothesis may start, as it were, much 
further back. Only one side of the residual sequence is 
known to exist: the other is supposed as a hypothesis. 
Such supposition, if it can be made at aU, cannot be made 
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ivitli mucli lilcelihood of success except by a mind well 
stored with pertinent Imowledge, which in framing it ap- 
plies at once the indirect method of seeking for a relation 
which on known laws would yield this unexplained result. 
Put symbolically there is known 

A OD E . . . . X 0 pq . . . . m. 

The whole ol A G D E known is requiind to account 

ior X op q Nothing in the known conditions remains 

as an explanation for the m which has just been discovered 
to exist in the result. There is evidently a call for 
enquiry. There must be assumed some Z which on the 
analogy of all pertinent knowledge will account for just 
this m in just this foim. 

The history of astronomy offers many pertinent ex- 
amples. Before it was observed through the telescope 
the planet Neptune was assumed as a hypothesis to account 
for deviations of the planet TJranus from the path which 
exact calculation of the effects of the known heavenly 
bodies laid down for it. The mathematical nature of the 
deductions involved from this assumption made it possible 
to be sm-e that if such a new planet was in existence it 
would be in a certain place in the heavens at a certain 
time. The verification was then only dependent on the 
telescopes used being of sufficient power. Had the planet 
not been found increased power of lens would have been 
sought before the hypothesis was given up. On all known 
analogy the existence of the new planet was the only way 
of explaining the residual phenomena consistently with the 
theoiy of gravitation, so the hypothesis had an extremely 
high probability. Tet astronomy could not be satisfied 
without positive verification. 

As another example we will take Eomer’s determination 
of the velocity of light from observations of the satellites 
of Jupiter. These are five in number, and their motions 
are of such a natru’e that each satellite, once in every 
revolution, enters the shadow-cone thrown by Jupiter, and 
BO becomes eclipsed. The time when any particular satel- 
lite should be eclipsed could be calculated exactly, but 
there was found to be a discrepancy between this calcu- 
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lated time and the observed time. Here was a residual 
phenomenon ivliich needed investigation. Hoiv the period 
of revolution for each satellite is comparativelv short, and 
consequent! j the eclipses are frequent. In each case the 
eclipse is calculated to take place at regular intervals so 
that the time betn'cen tivo eclipses remains the same. But 
" astronomical observations of Jupiter’s satellites shoiv that 
•while the earth in its orbital motion is receding from 
Jupiter the mean period bet-weon t-wo successive eclipses of 
a particular satellite is longer than that -which elapses -when 
the earth in its orbital motion is approaching Jupiter.”' 
Tlie hypothesis -was, therefore, advanced that the discre- 
pancy between calculation and observation -was duo to the 
velocity of light. Thus "when the earth is receding from 
Jupiter the light from a disappearing satellite has to teavel 
a greater distance at each successive disappearance.”’ The 
interval, therefore, appears to lengthen. On this supposi- 
tion Eomer obtained the first trustworthy value for the 
velocity of light. 

The residual phenomenon is usually of small dimensions. 
It was a small discrepancy in weight which led to the dis- 
coveiT of argon. So in the example already quoted of the 
irregularities of the motion of Uranus, " It may be stated 
as illustrative of the perfection to which astronomy had 
been brought that divergencies regarded as menacing the 
very foundation of its theories never entered the range 
of unaided vision. In other words, if the theoretical and 
the real TJranus had been placed side by side in the 
sky, they would have seemed to the shai'pest eye to form 
a single body.” ® 

3. Indirect Establishment of Hypotheses. — The 
work of each of the direct methods singly, and of all of 
them combmed,- is then to suggest hypotheses and to 
strengthen those aheady suggested and, it may be, to 
mould their form. But as these methods deal only -with 
phenomena open to observation and manipulation they can 

' Edser, Light for Students, p. 219 - Ibid,, pp. 219-2'20. 

’ Clerke, op, cit,, p. 96. 
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never directly reach, those hidden connexions virhich physical 
science more and more seeks. They cannot deal dii-ectly 
with atoms or ether, or any natui’al force. They describe 
the visible results of a causal connexion, they even go far 
to establish its existence, hut they cannot explain its 
nature. Even when most successful, therefore, they only 
give a very strong probability to an emphical law — that 
is, a statement that such and such conditions do secui'e 
such and such a phenomenon. 

Such results stand apart in a kind of fictitious inde- 
pendence tiU they are shown to be expressions of a much 
smaller number of more fundamental relations. “Fric- 
tion, combustion, the hquefaction of a vapour, freezing, 
pressure, all produce heat. What could be more apparently 
disparate than these agencies ? Tet all of them alike in- 
volve the liberation of molecular motion in accordance with 
mechanical laws common to aU the cases.”* The direct 
methods can establish that heat does result from each of 
these agencies. To show them all as variants of a deeper 
law of molecular motion can only be done indirectly. For 
molecular motion does not lie open to direct observation. 
The whole of the ultimate construction of the physical 
world is for science a set of relations which cannot be per- 
ceived by the senses, and which are held to be established 
because the results which can be shown with mathematical 
certainty to foUow from them in various combinations are 
found fulfilled in nature. This unifying of the empii'ical 
laws as a necessary consequence of a very small number of 
theories as to the ultimate nature of the world is the only 
form of explanation science can reach. Why that ultimate 
nature is what it is science cannot say. Its task is to 
know that nature, and there can be no other proof that it 
has attained that knowledge than that its assumptions 
yield a system consistent both with itself and with the 
results of continued careful and accurate obseiwation. 

The direct methods, therefore, lead up to the formation 
of these wider hypotheses which can only be tested in- 
directly, and they are the handmaids of this testing. 


* Hobhouee, op, cit., p. 366. 
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In other cases only indirect enquiiy is possible. This is 
so in all cases in which the facts cannot be got at directly, 
but in which our reasoning has to start from some record 
of them. 

The causes of historical and social phenomena are largely 
hidden, and can only bo recovered b}’’ a hypothetical re- 
constiTiction. Geology and Biology are also in a broad 
sense historical. No record remains of the causal sequences 
by which the earth has reached its present state, and living 
species of plants and animals their present characteristics. 
The history of development in either sphere is recon- 
structed by framing hypotheses in the light of analogies 
drawn from experience, and by testing whether the con- 
sequences they entail would result in the facts which 
prior and subsequent enquiry mate known. For a small 
range of fact is sufficient to suggest a supposition which, 
through the inferences it logically supports, becomes the 
revealer of facts which otherwise had remained unob- 
served. 

The Wave-Theory of Light* and the Theory of Gravita- 
tion both show the use of the indirect method in establish- 
ing the most comprehensive truths of science. The story 
of Newton’s development of the theory of gravitation is 
weU Imown. Observation of the motion of falling bodies 
by Galileo had led to the empirical law that bodies, irre- 
spective of size or material, fall through the same distances 
in equal times. Newton by experiments ivith the pendu- 
lum established the same law with greater exactness. 
Moreover Kepler, improving on the earlier labours of 
Tycho Brahe, had by incessant observation of the heavens 
and much conjecture reached the conclusion that the 
motion of the planets can be described in three laws 
— that each planet revolves round the sun in an ellipti- 
cal path with the sun in one of the foci ; that it revolves 
ivith such a velocity that a straight lino drawn from it to 
the sun passes over equal areas in equal times ; and that 
the squares of the number of days taken by the planets to 
complete a revolution are proportional to the cubes of their 


‘ See pp. 440-446, 
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mean distances from the sun. But so far no reason had 
been given why the empirical laws of falling bodies and of 
planetary motion should be as they had been determined. 
Newton supplied a reason by his hypothesis that they 
were due to the attraction of bodies by one another 
directly in proportion to their mass and inversely as the 
square of the distance between them. Talring the moon 
as his first example he showed by mathematical reasoning 
that if the hypothesis were true its motion would be in 
a certain path. After some yeai’s this was confirmed by 
obseiwation. He then extended his reasoning to the case 
of other planets, and ultimately to all particles of matter. 
His deductions were verified by an examination of the actual 
motion of the planets, and in astronomy his principles 
have been vei’ified many times by subsequent observations 
and discoveries. 

As an example in Geology we may indicate the kind of 
reasoning by which the transport of boulders often of 
great size has been attributed to glacial action. The exist- 
ence of these rocks in valleys and on hills of a difierent 
geological structure from that of the rocks themselves 
gives rise to the problem as to how they have arrived at 
their present position. For instance, “ such ‘ erratics ’ not 
only abovmd in the Swiss valleys, but cross the great plain 
of Switzerland, and appear in niunbers high upon the 
flanks of the Jura. Since the latter mountains consist 
chiefly of limestone, and the blocks are of various crystal- 
line rocks belonging to the higher parts of the Alps, the 
proof of transport is irrefragable.”* But how has the 
transport been effected? There is no visible agency at 
work with which the movement of the rocks is obviously 
connected. Eecom'se must be had to hypothesis. Various 
agencies have been suggested, but it is now generally 
accepted that they have been transported to their present 
position by means of ice. It follows at once that ice 
(1) must be capable of doing the work, and (2) must have 
extended at one time over areas from which in many cases 
it is now remote. 


* Geikie, Text- Booh of Geology, 4th edn., Vol. L, p. 554, 
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Glaciers arc tlie most conspicuous examples ol the action 
of ice on land. It is found that though to a casual glanco 
they seem to bo at rest they are in re.ality moving. On their 
surfoce they bear earth, stones, and rubbish, leathered 
from the cliffs and slopes of the valley dovn vhich tlicy 
are descending. The masses of rock are sometimes “ as 
big as a largo cottage.” The detritus is liable to slip into 
crevasses, and may descend to the bottom of the ice to be 
moved -nith it along the roclcy floor, so that “ vhether on the 
ice, in the ice, or under the ice, a vast quantity of detritus 
is continually travelling -with a glacier dmvn towards 
lower ground.”' If the action of ice, then, bo admitted as 
a cause it would be sutGcicnt to explain the transport of 
rocks as far as the movement of the ice can be traced. By 
what signs can wo support the hypothesis that masses of 
ice have at one time passed over any given surface ? 

"Beneath the ice of the Swiss glaciers lies a thin incon- 
stant layer of fine wet mud, sand, and stones, dei-ived partly 
from the descent of materials from the surface donm the 
crevasses, partly from the rocks of the sides and bottom 
of the glacier bed. These materials may be seen fixed 
sometimes in the ice itself. Though it may locally ac- 
cumulate, this layer is apt to bo removed by the ice or 
by the water that flows under the glacier.” - This deposit 
constitutes the so-called boulder clay. If, then, we find 
boulder clay, that will be one indication of glacial action. 
Again, the erosion caused by glaciers is of an easily dis- 
tinguishable Idnd. It is effected not so much by the con- 
tact and pressure of the ice on the i-ocks as by means of 
the fine sand, stones, and blocks of rock that fall between 
the ice and the rocks on wliich it moves, or between the 
ice and the side of the valley in which it lies. “ Under 
the slow, continuous, and enormously erosive power of a 
glacier, the most compact resisting rocks are gi’ound down, 
smoothed, polished, and striated. The striae vary from 
such fine lines as may be made by the smallest grains of 
quartz up to deep ruts and grooves.”^ The stones effecting 
the erosion are polished and marked in the same way, the 


' Ibid., p. 64G. 


= Ibid. 


» Ibid., p. 550. 
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striae or parallel lines running generally in a longitudinal 
direction. If the hypothesis of ice action he true such 
marks will prohahly he found on the erratic houlders and 
in theii' neighbourhood. We must search for them and so 
apply the test of fact. 

Various other indications may he present, such as the 
smooth undulating “hummocky bosses of rock” left be- 
hind on the retirement of a glacier or the huge hollows 
worn away where the rock was softer and which may now 
be filled with water, forming tanis or lakes. The process 
of investigation and reasoning which led to the theory of 
an ice age extended over many yenrs, required many 
workers, and presented many difficulties. We have merely 
given in bare outline illustrations of the type of inference 
involved. 

Evidently the conclusions of history can only be reached 
by the indirect method. The phenomena which the his- 
torian seeks to explain are extremely complex. There is no 
clear sequence open to observation, nor is it possible to 
isolate a causal connexion by any of the direct methods. 
The explanation of the state of a nation at any given period 
involves the consideration of its knowledge, morals, in- 
dustry, institutions, race characteristics, geographical con- 
ditions, and numerous other factors each complex in itself. 
And if we single out one aspect for study and endeavour 
to trace, say, political, religious, or economic progress there 
is the same complexity. The conditions modify one another 
in coimtless ways, and it is difficult to deteimine their relative 
importance. Even a single event often pi-esents a similar 
difficulty of interpretation. The play of human motive and 
of cii'cumstances but imperfectly reahsed produces effects 
for which it is difficult to find grounds at onCe adequate 
and indisputable. Indeed, motives can only be conjec- 
tui’ed from words and actions : the influence of dominant 
interests on men can at best be assigned nith some reseiwe. 
When we add to this the necessary scantiness and imper- 
fection of the data in many instances, and that such facts 
as we have are based on testimony with its many habihties 
to error, we see that the work of the historian is one both 
of criticism and of construction. 



§ 3] INDIRECT ESTABLISHMENT OF HTFOTHESES. 413 

Havrag determined tlie facts by criticism, be desires to 
weld them together so fai' as may be in causal sequence. 
The only procedure open to him is to choose one of the 
known conditions, or it may be one conjectured to be present, 
which on analogy with what is known of human nature in 
similar circumstances is bkely to have produced or to have 
helped in producing the given effect. Taking this hypo- 
thetical condition as true he will then seek to estabhsh 
that, in accordance with recognised principles of human 
nature, it would lead to consequences of a certain bind 
under which' all the relevant facts may be embraced. At 
the same time he will try to prove that rival suggestions 
involve principles leading to results incompatible with the 
established data. In actual investigation it will be foimd 
that, as a rule, not one but many conditions contribute to 
produce an event or series of events, and the emphasis to 
be laid on the different factors will vary. 

It may be possible to show that the different conditions 
flow from one root cause of ivider generality. For example, 
let us take the causes of the decline of the American Con- 
federation. As usually given they are as follows: “1. The 
Confederation had no executive or judicial department. 
2. Congress could not raise an army. 3. Ho power of 
direct or indirect taxation was given to the Confedera- 
tion. 4. Congress had no control over domestic commerce. 

5. Congress could not enforce treaties with other nations. 

6. The Confederation operated on states and not on indi- 
viduals. 7. The Articles of Confederation recognised the 
sovereignty of the state. 8. Voting in Congress was by 
states. 9. The people owed allegiance to the state only.”^ 
The first eight can be shown on examination to be closely 
related to the last, which embodies the fimdamental prin- 
ciple that “ wherever primary allegiance is placed there 
sovereignty wiU reside.” “ 

Such principles should be used with caution. It is so 
easy to support them ‘ from the nature of the case ’ with- 
out bringing them to the touchstone of facts. Histoiy 
may err by reaching out to either of two extremes. It may 


' Mace, Method in History, p. 30. 


^ Ibid., p. 31. 
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content itself witli a collection of facts, or it may develop 
principles -witliont sufficient regard to tlie results of experi- 
ence. Even -wlien tlie facts are carefully considered it 
often happens that they are vreU explained on one hypo- 
thesis without being so exactly determined or so decisive 
as to exclude another. In the last resort there is fre- 
quently a balance of probability, which men of different 
temperaments and training will strike in different ways. 

A similar vmcertainty attaches itself to the use of the 
indirect method in ordinary life. The teacher perplexed 
by an epidemic of disorder, or the merchant anxious to 
gauge the stability of his markets, casts about for probable 
causes which in their combination would produce results 
apparent or to bo predicted. The certainty they reach is 
problematical in theory but sufficient for practical action. 
The circumstances of the case point sufficiently clearly, in 
a given direction. 

The circumstantial evidence in our law courts, upon 
which criminals are often convicted, is of this land. It 
is to the interest of ■ the criminal to commit his crime 
unobserved: it is the duty of the prosecution to show, 
in the absence of the evidence of eye-witnesses, that 
no one but the prisoner could have committed it. Many 
circumstances may point to guilt: there may be obvious 
motives to the crime, apparent preparations to commit 
it, possession of its fruits, unsatisfactory explanations 
of suspicious appearances, suppression, destruction, or 
fabrication of evidence, failure to account for movements 
at the time the crime was committed in the face of testi- 
mony to presence in the neighbourhood.^ Hot one of 
these is sufficient in itself to prove guilt ; each is suscep- 
tible of an innocent explanation. It is the combination 
and convergence of the separate strands of evidence which 
makes innocence improbable. On the hypothesis that the 
crime has been committed by the accused the facts fall into 
their place and form a conclusive whole, though each part 
may be inconclusive in itself. If no other hypothesis can 
be devised which explains the circumstances as well or 


1 Of. Logic for the Million, p. 106. 
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better, tbe prisoner ivill probably be condemned. “ A man 
is found dead ivitb bis throat cut. A knife is found in a 
ditch close by. There are footprints in the mud. X was 
known to be in the neighbourhood on the day ; evidence is 
given that he purchased the knife a week before ; his boots 
fit the footprints. All these facts might be due to a collo- 
cation of separate causes, but aU are explicable by a single 
cause, namely, that X planned and carried out the murder. 
The single assumption is so much more probable than the 
multiple combination of circumstances that it is hkely to 
go hard with X, and his business is to produce some fact 
incompatible with the above explanation- Tailing this, 
one or two more such combinations of circumstances, and 
our conviction of the strength of the hypothetical argu- 
ment will be evinced in a very practical manner.”' 

' Hobhouse, The Theory of Knowledge, p. 42iJ. 



CHAPTEE XXXII. 


ESAMPI/ES OP INDUCTION. 

We will in this chapter examine from a logical stand- 
point some actual pieces of scientific enquuy. It is only 
by careful study and analysis of such examples that one 
appreciates how intensely difficult is the search for know- 
ledge, how many opportunities there are for error, how far 
removed from the simphcity of a fomal statement of the 
methods employed is the actual employment of those 
methods. A process whose abstract nature can be described 
by the logician in a few minutes may take months or years 
to carry to a successful issue in the actual woi'k of the 
discovery of truth. The successful questioner of nature 
needs infinite patience, infinite resource, as well as great 
imagination and constructive power, a keen critical faculty, 
and a sound well-balanced judgment. 

1. Formation of Vegetable jKTould. — As an example 
of a very careful and thorough enquiry conducted nearly 
entirely by simple observation, and yet reaching a very 
high degree of probability in its conclusion, we will take 
Darwin’s , investigations into the formation of vegetable 
mould. The hypothesis suggested was that this is due to 
the action of earth-worms. 

If this is true, that is, if earth “is brought up by 
worms from beneath the surface, and is afterwards spread 
out more or less completely by the rain and wind,” then 
small objects left on the surface will gradually become 
buried. Mr. Darwin records many observations to establish 
this proposition. For instance: “In the spring of 1835, a 
field, winch had long existed as poor pasture, and’ was so 
swampy that it trembled slightly when stamped on, was 
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tliickly covered with red sand so that the whole surface 
appeared at first bright red. When holes were dug in this 
field after an interval of about two and a half years, the 
sand formed a layer at a depth of f in. beneath the surface. 
In 1842 (that is, seven years after the sand had been laid on) 
fresh holes were dug, and now the red sand formed a dis- 
tinct layer, 2 inches beneath the surface. . . . Immediately 
beneath the layer of red sand, the original substratum of 
black sandy peat extended.” ^ 

But may the chai-acter of the land be disregarded, or 
is that an essential element ? This point was settled by 
obseiwing that in cases of land differing widely from that 
on which the fii'st observations were made, whenever 
worms were present the result was the same. This, of 
coui'se, was an application of the Method of Agreement. 
To take an unpromising instance : Darwin records that 
“ The chalk formation extends all round my house in 
Kent ; and its surface, from having been exposed during- 
an immense period to the dissolving action of rain-water, 
is extremely irregular, beiug abraptly festooned and pene- 
trated by many deep weU-Hke cavities. During the dis- 
solution of the chalk, the insoluble matter, including a 
vast number of imrolled flints of all sizes, has been left 
on the surface, and forms a bed of stiff red clay, full of 
flints, and generally from 6 to 14 feet in thickness. Over 
the red clay, wherever the land has long remained as 
pasture, there is a layer a few inches in thickness, of 
dark-coloured vegetable mould.”® In some instances, the 
observation’s partook of the nature of experiment, as when 
chalk was spi’ead on a pasture “ for the sake of observing 
at some future period to what depth it would become 
buried,” and it was found that after twenty-nine years, 
the chalk was 7 inches below the surface, Even a steeply 
slopiag field “thickly co’vered with small and large flints,” 
was after thirty years so completely covered that “ a horse 
could gallop over the compact turf from one end of the 
field to the other, and not strike a single stone with his 

' Darwin, Vegetable Mould and Earth JVorms, pp. 134-135. 

2 Ibid., pp. 137-139. 
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shoes. . . . This was certainly the work of the worjus, for 
though castings were not frequent for several years, yet 
some were thrown up month after month, and these 
gradually increased in numbers as the pasture improved.”^ 
Sloreover, “the specific gravity of the objects does not 
affect their rate of sinking, as could be seen by porous 
cinders, bm-nt marl, chalk and quaiTz pebbles, having all 
sunk to the same depth within the same time.” ^ 

We have, necessarily, only cited a very few of the 
observations made, but the total evidence goes to support 
a connexion between the existence of earth-worms and the 
formation of mould. 

However, there are apparent exceptions — large boulders 
do not sink. All the hollow spaces between such a boulder 
and the earth will be filled up, and the surface of the 
ground will be raised to a height of several inches all 
round the edge of the stone. But further examination 
shows that the exceptions are only apparent, and really 
prove the rule. “If . . . a boidder is of such huge 
dimensions, that the earth beneath is kept dry, such 
earth will not be inhabited by worms, and the boulder 
will not sink into the ground.”® In one case in which 
a large stone “ 67 inches in length, 39 in breadth, and 
15 in thickness ”... had only “ sunk about two inches 
into the ground ” in thirty-five years, “ on digging a large 
hole to a depth of 18 inches where the stone had lain, only 
two worms and a few burrows were seen, although the sod 
was damp and seemed favourable for worms. There were 
some large colonies of ants beneath the stone, and possibly 
since their establishment the worms had decreased in 
number.” * 

Thus, the apparent exceptions turn out upon closer 
examination to be negative instances — ^where there are 
no worms, there is no sinking of objects. A negative 
instance on a larger scale is recorded. “I examined in 
Knole Park a dense forest of lofty beech-trees beneath 
which nothing grew. Here the ground was thickly strewed 

’ Ibid., pp. 143-144. * Ibid., p. 167. ® Ibid., p. 149. 

‘ Ibid., pp. 162-163. 
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Tvitli large nalced stones, and woi'nr-castings -were almost 
Tvlaolly absent. Obscure lines .and iiTegularities on the 
surface indicated that the land had been cultiv.ated some 
centuries ago. It is probable that a thick wood of young 
beech-trees sprung up so quickly, that time enough was 
not allowed for worms to cover up the stones with their 
castings, before the site became unfitted for their exist- 
ence.” ‘ Both positive and negative instances, then, go 
to support the universal propositions “ If there are worms, 
there is vegetable mould” and “If there is vegetable mould, 
there are worms.” The method applied is mainly that of 
Exclusions, but Concomitant Variation adds its support. 

But certain objections must be met as to the inadequacy 
of the suggested agency to produce the results. Investi- 
gations were, therefore, made as to the number of worms 
existing in a me.asured space. Hensen, from counting those 
found in a piece of garden, calculated the number at 
53,767 in an acre, though he “believes that worms are 
here twice as numerous as in cornfields.”' But more 
definite results were obtained in estimating the weight of 
the castings. The results of four carefully examined cases 
give that in a year castings calculated to yield from seven 
and a half to over eighteen tons per acre are ejected.' By 
carefully breaking up the dried castings, and pressing them 
down in a measure, the cubical content was found, and 
allowance being made for the lesser degree of compactness 
of the triturated castings as compared with mould, it was 
calculated that the above mentioned results would yield a 
layer of mould from an inch to an inch and a half in 
thickness in ten years. This was found to be nather less 
than the observed depth to wliich objects had sunk in that 
time. But allowance must be made for “the loss which 
the weighed castings had previously undergone through 
being washed by rain, by the adhesion of particles to the 
blades of the surrounding grass, and by their crumbling 
when dry,” and also for the lesser agency of burrowing 
larvae and insects, especially ants, and of moles. “ But,” 
says Darwin, “ in our county these latter several agencies 


' pp. 144-145. ' /fil'd., pp. 158-159. ' Cf. tfiid., pp. 168-169. 
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appear to be of quite subordinate importance in comparison 
•vritb the action of -worms.”* Here we see the force added 
to a probability even by a somewhat ro-agh application of 
measurement and mathematical calculation. . 

2. The Silkworm Disease.® — The investigation into 
the nature and origin of the disease which in the middle 
of the last ce-ntury threatened to destroy the silkworm 
industry is an admirable example of actual inductive work, 
and of the value of the trained mind to the general com- 
munity. It brings out clearly how only to such a mind 
does the fruitful hypothesis occur; it only has the per- 
tinent knowledge without which the true analogy is un- 
seen. The hypothesis once formed the consequences which 
must follow from it are inferred, and then tested. It is 
in this testing that the direct methods are available. Here 
appeal was mainly to that of Exclusions, though in the 
experiments the greater rigidity of the Method of Differ- 
ence was approached. TVe see, too, how one enquu*y grows' 
out of another till there is established a system sufficient 
to explain all the phenomena under examination. 

Louis Pastern- was induced to take up the enquiry in 
1865. “ Amidst the labyrinth of facts and opinions, it was 

not hypotheses which were wanting. For seventeen years 
they had been rising up on all sides ” — atmospheric con- 
ditions, degeneration of the race of silkworms, disease of 
the mulberry tree, etc., were suggested. But none so far- 
had proved fruitful. 

The disease was called pebrine.® It appeared in aU 
stages. “ Some worms languished on the frames in their 
earliest days, others in the second stage only, some passed 
through the third and fourth moultings, climbed the twig 
and spun the cocoon. The chrysalis become a moth, but 
that diseased moth had deformed antennae and -ndthei-ed 
legs, the -wings seemed singed. Eggs (technically called 
seed) from those moths were inevitably unsuccessful the 
follorving year. Thus, in the same nursery, in the course 

1 Ibid., pp. 172-173. ^ Louis Pastmr, by his Son-in-law, pp. 127-163. 

5 From the patois word pibri (pepper). 
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of the two months that a larva takes to become a moth, 
the pebrine disease was alternately sudden or insidious : it 
burst out or disappeared, it liid itself within the chrysalis 
and reappeared in the moth or the eggs of a moth which 
had seemed sound." ‘ This was the problem Pasteur had 
to solve. 

In a memoir on the epidemic M. de Quatrefages related 
that certain natuialists “ had discovered in the worms and 
moths of the silkworm minute corpuscles visible only with 
the microscope” ; that another declared these corpuscles to 
be present in diseased silkworms, and that they had been 
perceived in silkworms’ eggs. He “ only mentioned this 
matter of the corpuscles as a passing remark, being doubt- 
ful of its importance and perhaps of its accuracy.” But 
it was sufficient to suggest to Pasteur the hypothesis that 
these corpuscles, if existent, were causally connected with the 
disease, and it was this hypothesis which he decided to test. 

He conducted his investigation at Alais, where the 
disease was rife. By means of the microscope he soon 
detected the presence of corpuscles in the worms. Their 
existence was, then, a fact. 

He resolved to submit them to careful microscopic study. 
“ Two series of worms were being cultivated. The fii'st 
set was full grown; it came fi-om some Japanese seed 
guaranteed as sound, and had produced very fine cocoons. 
. . . The worms of [the] second series were sickly and did 
not feed properly. And yet these ivorms, seen through 
the microscope, only exceptionally presented corpuscles : 
whilst Pasteur was surprised to find some in almost every 
moth or chrysalis from the prosperous nursery.”,- 

“ Faced by the contradictory facts that one successful 
set of cocoons had produced corpuscled moths, while an 
apparently unsuccessful set of worms showed neither cor- 
puscles nor spots, he had awaited the last period of these 
worms with an impatient curiosity. He saw amongst 
those which had started spinning, some which as yet 
showed no spots and no corpuscles. But corpuscles were 
abundant in the chrysalides, those especially which were 

1 Vallery-Radot, Thi Life of Paatexir, Eng. Trans., p. 117. 

^ Ibid., p. 118. , 
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in full maturity, on the eve of becoming moths ; and none 
of the moths "were free from them.” ^ The remains of 
many other backward cultures were examined, and these 
results were confirmed. He tentatively formulated his 
conclusions at this stage. “It was a mistake,” he wrote, 
“ to look for the symptom, the corpuscle, exclusively in the 
eggs or worms ; either might carry in themselves the germ 
of the disease, without presentiug distinct and micro- 
scopically visible corpuscles. The evil developed itself 
chiefly in the chrysalides and the moths ; it was there that 
it should chiefly be sought.” ^ 

So far he had not proved that the corpuscles were the 
cause of the disease. He came to the conclusion that if 
his hypothesis were true “ the only infallible method of 
procuring healthy eggs must be by having recom'se to 
moths free from corpuscles.”® To test this he selected 
certain eggs of moths from which corpuscles were absent, 
and others from moths in which coi'puscles were numerous. 
These were hatched in the following year with the result 
anticipated, that the culture in the one case was healthy 
and in the other diseased. The experiment was repeated 
subsequently, and it was found that the pebrine ^sease 
did not appear in cultures from the eggs of healthy moths. 

In the meantime the question was raised whether the 
disease was contagious. “ Some considered that contagion 
was certain; the majority, however, either doubted or 
denied its existence; some considered it as accidental.” 
Pasteur resorted to experiment. “ One of the first ex- 
periments was as follows : After their first moulting, he 
took some very sound worms free from corpuscles, and fed 
them with corpusculous matter, which he prepared in the 
following simple manner. He pounded up a silkworm in 
a little water, and passed a paint-brush dipped in this 
liquid over the whole surface of the leaves. Duiing several 
days there was not the least appearance of disease in the 
worms fed on those leaves; they reached their second 
moulting at the same time as the standard worms which 

1 Ibid., p. 120. = Ibid., p. 120. - 

* Louis Pasteur, Eng. Trans., p. 138. * Ibid., p. 141. 
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had not been infected. The second moulting vras accom- 
plished ivithout any draivbach. This "was a proof that all 
the Tyorms, those infected as well as the standard lot, had 
taken the same amount of nourishment. The parasite was 
apparently not present. Matters remained in this state 
for some days longer. Even the third moulting was got 
through without any marked difference between the two 
groups of woians. But soon important changes set in. 
The corpuscles which had hitherto only showed themselves 
in the integuments of the intestines began to appear in 
the other organs. From the second day following the 
third moulting — ^that is to say, the twelfth after the in- 
fection — a visible inequality distinguished the infected 
from the non-infected worms. Those of the standard lot 
were clearly in much the best health. On examining the 
infected worms through a magnifying glass, a multitude 
of little spots were discovered on their heads, and on the 
rings of their bodies which had not before shown them- 
selves. These spots appeared on the exterior skin when 
the interior skin of the intestinal can.al contained a con- 
siderable number of coi'puscles. It was these corpuscles 
that impeded digestive functions and interfered with the 
assimilation of the food. Hence arose the inequality of size 
of the woiTOs. After the fourth moulting; the same type 
of disease was noticed as that wliich was breaking out 
everywhere in the silkworm nurseries, especially the symp- 
tom of spots on the slrin, which had led to the disease 
being called pebrine. The peasants said that the worms 
were peppered. The majority of the worms were full of 
corpuscles. Those which spun their cocoons produced 
chrysalides which were nothing but coi-pusculous pulp, if 
such a term be allowed.” ^ 

This comparison of cases in which the disease was in- 
troduced with those in which it was not seemed decisive 
in favour of the hypothesis that pebrine was contagious. 
But to allow for the influence of conditions in which the 
two cases differed, and which had been disregarded as unim- 
portant or because they were unknown, “ Pastem was never 


' Ibid., pp. 142-143. 
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tired of repeating this curious experiment, or of varying 
its conditions. Sometimes he introduced the corpusculous 
food into healthy worms at their birth, sometimes at the 
second or third moulting. Occasionally, when the woians 
were about to spin their cocoons, the coi'pusculous food 
was given them. All the disasters that were known to 
have happened in the silkworm nurseries, their extent and 
their varied forms, were faithfully reproduced. Pasteur 
created at will any required manifestation of pebrine.”* 
In each case “ Pasteui' was careful to reproduce these same 
experiments with the worms of the standard lot, from which 
all infected worms had been selected,” but taking care 
that the matter introduced should be free from corpuscles. 
The worms, unlike the others, continued healthy. 

A difficulty now arose. Contagion by experiment was 
proved, but it remained to show how contagion was possi- 
ble under industxlal conditions. Pasteur estabhshed that 
there were thi-ee causes of natural contagion. (1) The 
excreta of the worms may be more or less filled vdth cor- 
puscles: the worms by the weight of their bodies press 
this against the leaves : and the leaves when eaten intro- 
duce the disease. “ By the excreta of corpusculous worms 
which he cimshed, mixed with water and spread with a 
paint-brush over the mulberry leaves intended for a single 
meal, Pasteui* was able to communicate the contagion to as 
many worms as he liked.”* (2) “ The six fore-feet of the 
worm have sharp hooks at then* ends, by means of which 
the worms prick each other’s skins”:® in doing so they 
may be soiled with corpuscles which they in turn introduce 
into another body by pricldng it. Disease was induced in 
this way by experiment. (3) “Infection at a distance, 
through the medium of the air and dust it carries is a fact 
equally well established.”® Sweeping the breeding-houses 
may be sufficient. “ When very' healthy worms were placed 
in a breeding nursery at a considerable distance from un- 
healthy worms, they, in theh* tui-n, became infected. 

Lastly, an apparent exception had to be explained. 
The above experiments seemed decisive. “Nevertheless, 


^ Ibid., p. 144. 


* Ibid., p. 147. 
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among facts invoked in favour of non-contagion there 
was one which it was difficult to explain. There existed 
several examples of successful cultivations conducted in 
nurseries which had totally failed from the effects of 
pebrine the year before. The explanation is, as shown by 
Pasteur, that the dust can only act as a contagion when it 
is fresh. Corpusculous matter, when thoroughly dried, 
loses its virulence. A. few weeks suffice to render such 
matter inoffensive: hence the dust of one year is not 
injm-ious to the cultivations of the next year. The cor- 
puscles contained in the eggs intended for future cultiva- 
tion alone cause the transmission of the disease to future 
generations.”* 

3. Source of Power in Voltaic Pile. — As an example 
of essentially experimental investigation, we will take 
Faraday’s experimental proof of the theory that the source 
of power in a voltaic pile is due to chemical action. At the 
time he entered upon this investigation there were several 
hypotheses, “ but by far the most important are the two 
wmch respectively ffnd the som-ce of power in contact, and 
in chemical force.”* It is impossible to enumerate the 
enormous number of experiments Faraday made to settle 
this question. But the logical ground of them all was the 
same — to establish the hypothetical : ‘ If chemical action, 
then an electric current,’ and its reciprocal ‘ If a current, 
then chemical action,’ that is, ‘If there is no chemical 
action, there is no current.’ This he did by examining both 
positive and negative instances, that is, by applying the 
Method of Exclusions supported by Concomitant Varia- 
tions. By_ numerous experiments he established the posi- 
tive connexion, and showed that chemical action is both 
efficacious in producing a cui'rent, and sufficient by itself, 
and without any contact, to do so. For example : “ When 
tin was associated with platinum, gold, or, I may say, any 
other metal which is chemically inactive in the solution of 
the sulphuret [of potassium], a strong electric current was 

‘ Ibid., p. 148. 

^ Experimental Researches in Electricity, Vol. ii., § 1796. 
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produced,” and as tlie cTiemical actiou decreased and finally 
ceased in consequence of tlie formation on the tin of an 
“insoluble, investing, non-conducting sulphui'et of that 
metal,” the electric cui’rent diminished and finally ceased 
also.^ Further, “ vrhen the chemical action changes, the 
current changes also. — This is shown by the cases of two 
pieces of the same active metal in the same fluid. Thus if 
two pieces of silver be associated in strong muriatic acid, 
first the one will be positive and then the other ; and the 
changes in the direction of the cmrent will not be slow as 
if by a gradual action, but exceedingly sharp and sudden.”^ 

The negative experiments establishing the reciprocal pro- 
position were also numerous — “ Where no chemical action 
occurs no current is produced. — This in regard to ordinary 
solid conductors, is well known to be the case, as with 
metals and other bodies. It has also been shown to be 
time when fluid conductors (electrolytes) are used, in every 
case where they exert no chemical action, though such dif- 
ferent substances as acids, alkalies and sulphurets have 
been employed. . . . But a current will occm* the moment 
chemical action commences, — ^This proposition may be weU 
established by the following experiment. . . . Two plates 
of iron and platinum are placed parallel, but sepai’ated by 
a drop of strong nitric acid at each extremity. Whilst in 
this state no current is produced . . . ; but if a dimp of 
water be added . . . chemical action commences, and a 
powerful current is produced, though without metallic or 
other additional contact,”^ Here we have appeal to the 
Method of Difference. . 

Faraday thus sums up : “ With such a mass of evidence 
for the efficacy and sufficiency of chemical action . . . ; 
with so many cmuent circuits without metallic contact and 
so many non-current circuits with ; what reason can there 
be for referring the effect in the joint cases where both 
chemical action and contact occur, to contact, or to any- 
thing but the chemical force alone ? Such a reference 
appears to me most unphilosophical ; it is dismissing a 

1 Ibid., § 1882, of. § 2031. 

» Ibid., §§ 2038-2039. 
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proved and active cause to receive in its place one vrliich is 
nierolj' hypothetical.”* 

Such a brief slcctch gives but a faint idea of the tho- 
roughness with whicli Faraday tested tho two rival hypo- 
theses, or of tho wealth of evidence in favour of tho theory 
of chemical activity which ho brought forward ; but it is, 
perhaps, suflicient to illustrate tho fundamental point that 
the logical character of tho method is throughout an appeal 
to both positive and negative instances. 


4. Argon. — Wo will next ex.amino tho researches of Lord 
Eayleigh and Sir William Eamsay into argon, tho recently 
discovered constituent of the atmosphere, as recorded in 
tho Abstract of their Paper read before the Royal Society 
on January 31st, 1895, published in Nature,^ from which 
our quotations are talcen. This furnishes us with a very 
complete and beautiful illustration of tho logicjil inductive 
method. 

Tho investigation started from tho detection of an unex- 
plained residual phenomenon. Careful determination of 
density had shown that nitrogen obtained from various 
chemical compounds is of a uniform density, but that 
‘ atmospheric ’ nitrogen is about }, per cent, heavier. Two 
hypotheses — each of which placed tho explanation in tho 
character of the lighter ‘ chemical ’ nitrogen, and wore sug- 
gested by analogy drawn from experience in tho chemical 
laboratory — ^wero successively conceived to accoimt for this 
phenomenon, and were rejected after being tested. “ When 
the discrepancy of weights was first encountered, attempts 
were uaturalfy made to explain it by contamination with 
laiouTi impurities. Of these tho most likely appeared to be 
hydrogen, present in tho lighter gas in spite of tho passage 
over red-hot cupric oxide. But inasmuch as tho intentional 
introduction of hydrogen into tho heavier gas, afterwards 
^ treated in the same way with cupric oxide, had no effect upon 
its weight, this explanation had to be abandoned, and finally 
it became clear that tho difference could not be accounted 
for by the presence of any known impurity. At this stage 


' Ibid., § 2053. 
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it seemed not improbaWe that tbe lightness of the gas 
extracted from chemical compounds was to be explained by 
pai’tial dissociation of nitrogen molecules IT2 into detached 
atoms. In order to test this suggestion both kinds of gas 
were submitted to the action of the silent electric discharge, 
with the result that both retained their weights unaltered. 
This was discouraging, and a further experiment pointed 
still more markedly in the negative duection. The chemical 
behavioui' of nitrogen is such as to suggest that dissociated 
atoms would possess a high degree of activity, and that 
even though they might be formed in the first instance 
their life would probably be short. On standing they 
might be expected to disappear, in partial analogy with the 
known behaviour of ozone. With this idea in view, a 
sample of chemically prepared nitrogen was stored for eight 
months. But at the end of this time the density showed 
no sign of increase, remaining exactly as at first.”* 

Another hypothesis had, therefore, to be sought on the 
estabhshed ground that “ one or other of the gases must be 
a mixture.” But as, “ except upon the already discredited 
hypothesis of dissociation, it was difficult to see how the 
gas of chemical origin could be a mixtm-e , . . the simplest 
explanation in many respects was to admit the existence 
of a second ingredient in air from which oxygen, moisture, 
and carbonic anhydride had akeady been removed.”* 

This hypothesis, however, is immediately met by an 
objection which partially takes the form of a logical excep- 
tion. ” In accepting this explanation, even provisionally, 
we had to face the improbabihty that a gas surrounding 
us on all sides, and present in enormous quantities, could 
have remained so long xmsuspected.”® The answer to this 
objection was only fully found at a much later period of 
the investigation, when it was shown to be only an appa- 
rent objection, as the inert character of the newly dis- 
covered gas sufficiently accounts for its having so long 
escaped observation. It was necessary, however, to ex- 
amine at once “ the evidence in favour of the prevalent 
doctrine that the inert residue from air' after withdi-awal 


' P. 348 b. 
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* Ibid. 



AEGON. 


429 


§ 4 ] 

of oxygen, water, and carbonic anliydi'ide, is all of one 
kind,” as suck evidence was logically an exception to the 
new hypothesis, and, therefore, if sustained, must prove 
fatal to it. This evidence rested upon the experiments of 
Cavendish, “ whose method consisted in operating with 
electric sparks upon a short column of gas confined with 
potash over mercury at the upper end of an inverted 
U tube.” ^ But it appears that these very experiments are 
evidence in favour of, instead of in opposition to, the hypo- 
thesis of an additional constituent in the atmosphere, for 
Cavendish records that “ a small btibble of air remained 
unabsorbed ” at the end of his experiments. The excep- 
tion is, therefore, only apparent, and when exactly stated, 
helps to ‘ prove the rule.’ 

The ground being thus cleared, experiments were in- 
stituted to estabhsh the new hypothesis.' These were, of 
cotu'se, both positive and negative, the former being 
directed to establish the existence of a new constituent 
in ‘ atmospheric ’ nitrogen, and the latter to prove that 
this constituent is absent from ‘ chemical ’ nitrogen. 
The positive experiments, in other words, were directed to 
establishing the proposition ‘ If the excess of density of 
‘ atmospheric ’ over ‘ chemical ’ nitrogen is due to the pre- 
sence in the former of another gas besides nitrogen, then 
this other gaswiU remain after the nitrogen is withdrawn,’ 
and the negative experiments to showing that this residue 
cannot be nitrogen, as it is not found when ‘ chemical ’ 
nitrogen is the gas operated upon. 

The first mode of positive experiment was sparking air 
to which oxygen was gradually added in the presence of an 
alkali — ^that is, the method of Cavendish mentioned above. 
In every case there was a small residue, and “ that this 
small residue could not be nitrogen was argued from the 
fact that it had -withstood the prolonged action of the 
spark, although mixed -with oxygen in nearly the most 
favourable proportion.”^ 

The next step illustrates the function of number of in- 
stances in experiment — ^to ensure that extraneous elements 


‘ Ibid. 
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have not crept in, that is, that only known conditions 
are present. It is thus described : “ Although it seemed 
almost impossible that these residues could be either nitro- 
gen or hydrogen, some anxiety was not unnatural, seeing 
that the final sparking took place under somewhat abnor- 
mal conditions. The space was very restricted, and the 
temperature (and with it the proportion of aqueous vapour) 
was unduly high. But any doubts that were felt upon 
this score were removed by comparison experiments in 
which the whole quantity of gas operated on was very 
small. . . . Several repetitions having given similar re- 
sults, it became clear that the final residue did not depend 
upon anything that might happen when sparks passed 
through a greatly reduced volume, hut was in proportion to 
the amount of air operated upon .” ' 

The second mode of positive experiment was to pass 
‘ atmospheric ’ nitrogen over red-hot magnesium. A resi- 
due was left, and “on passing sparks for several hours 
thi’ough a mixture of a small quantity of this gas with 
oxygen, its volume yras stiU further reduced. Assuming 
that this reduction was due to the further ehmination of 
nitrogen, the density of the remaining gas was calculated 
. to be 20-0.”= 

The third mode of positive experiment was by atmolysis, 
or the transmission of ‘ atmospheric ’ rdtrogen thi’ough a 
porous substance in order to determine whether it is a 
mixture of gases of different densities. When such a 
mixture is thus treated the lighter gas passes through 
the porous substance first. When air had, therefore, 
undergone atmolysis, and the oxygen, ammonia, moisture 
and carbonic anhydride had been removed from that por- 
tion which had not passed through the poi'ous substance, 
the remaining ‘ atmospheric ’ nitrogen should — on the 
hypothesis adopted for investigation — be of a greater 
density than ordinary ‘ atmospheric ’ nitrogen, as it should 
contain a larger proportion of the denser gas, and this ' 
was found to be the case in each of three such experi- 
ments. The positive experiments, therefore, appear to 
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yield overwhelming evidence that ‘ atmospheric ’ nitrogen 
is a mixtm'e of ‘ chemical ’ nitrogen and a gas of greater 
density, hitherto unknown, and to which the discoverers 
gave the name Argon. 

A series of negative experiments was then entered upon, 
in which each of the first two series of positive experi- 
ments was performed upon ‘ chemical ’ instead of ‘ atmo- 
spheric’ nitrogen. In each case a very small residue of 
argon was found, from one-ninth to one-fortieth of the 
amount that wordd have remained had ‘ atmospheric ’ 
nitrogen been used. Even this small residue could be 
accounted for. In the cases in which it was largest there 
had been leakage and air had entered, and in the others 
“ the source of the residual argon is to be sought in the 
water used for the manipulation of the large quantities 
of gas . . . employed.” This is supported by analogy: 
“ When carbonic acid was collected in a similar manner, 
and subsequently absorbed by potash, it was found to 
have acquired a contamination consistent with this ex- 
planation.” * 

The negative experiments thus corroborate the positive 
ones, and the existence of argon is proved ; thus the hypo- 
thesis is established and the first induction is completed. 

The next object was to examine the nature of argon, and 
such .an examination yielded many confirmations of the 
results already obtained, by showing that argon differs 
radically from nitrogen. 

The first problem was to determine its density. This 
was first reached by deductive reasoning “ on the assump- 
tion that the accurately known densities of atmospheric 
and of chemical nitrogen differ on account of the presence 
of argon in the former, and that during the treatment 
with oxygen nothing is oxidised except nitrogen.” “ This 
assumption was known to be justified because experi- 
ment had proved that ‘ chemical ’ nitrogen obtained 
from magnesium nitride, which had been prepared by 
passing ‘ atmospheric ’ nitrogen ever ignited magnesium, 
was of the density usual to chemical nitrogen. ■“ It is 
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therefore seen that ‘ chemical ’ nitrogen, derived from 
‘ atmospheric ’ nitrogen, without any exposure to red-hot 
copper, possesses the usual density.”^ The density thus 
obtained was 20‘6. Here again w'e have the suggestion of 
a hypothesis by the quantitative computation of a residual 
phenomenon. This hypothesis was then to be tested ex- 
perimentally. This could not be done by direct weighing, 
as it was not found possible to collect by the oxygen 
method enough of the gas to fill the large globe employed 
for other gases. So a mixture of about 400 c.c. of argon 
mth pure oxygen was weighed, and the density of argon 
calculated from the result, and formd to be 19-7. The 
argon derived from the second series of positive experi- 
ments was found to have a density of 19 '9. As the density 
of argon is thus proved to be different from that of 
nitrogen, this determination supports the conclusion 
already I'eached that argon is a distinct constituent of 
atmospheric nitrogen. 

A careful examination of the spectnim of argon by 
Mr. W. Crookes disclosed the fact that argon “ gives two 
distinct spectra according to the strength of the induction 
current employed.” Nitrogen does the same, “but while 
the two spectra of nitrogen are different in character, one 
showing fluted bands and the other sharp lines, the argon 
spectra both consist of sharp lines.”^ Additional confii-- 
mation of the existence of argon was thus furnished. But 
further, Mr. Crookes says : “ I have found no other spec- 
trum-giving gas or vapour yield spectra at all like those of 
argon,”® and this is a proof that argon is a gas previously 
unknown. But the fact that it yields two spectra sug- 
,gested the hypothesis that argon is really a mixture of 
two gases. This is an instance of how the solution of 
one problem opens up others by biinging to light new 
phenomena requiring explanation. Other considerations 
bearing on this point will be noticed later on. 

The solubility of argon in water was next determined, 
and was found to be approximately that of oxygen and 
about two and a half times that of nitrogen. This con- 
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elusion was proved by testing the deductive inference that, 
if so, argon would be found in increased proportion in the 
dissolved gases of rain water ; the test experiment showed 
that the argon in ‘ water ’ nitrogen is in the ratio of 24 : 11 
to that in ‘ atmospheric ’ nitrogen. 

Experiments were conducted by Professor Olszewski on 
the liquefaction and solidification of argon. “ Four series 
of experiments in all were carried out, two with the object 
of determining the critical temperature and pressure of 
argon, as well as measuring its vapour pressure at several 
other low temperatures, while two other series served to 
determine its boiling and freezing points under atmospheric 
pressm-e, as well as its density at its boiling point.” ^ It 
was found that the critical temperature is — 121°‘0 (that 
of nitrogen being — 146°‘0), its critical pressure 50'6 at- 
mospheres (that of nitrogen being 35-0), its boiling point 
— 187°'0 (that of nitrogen being — 194°'4), and its freez- 
ing point — 189°‘6, at which temperature it solidifies into 
white crystals (that of nitrogen being — 214°‘0). 

It fui’ther appears from experiments made on the 
velocity of sound in argon “ that argon gives practically 
the ratio of specific heats, viz. 1’66, proper to a gas in 
which all the energy is translational. The only other gas 
which has been found to behave similarly is mercury gas, 
at a high temperature.”' “In the case of mercury the 
absence of interatomic energy is regarded as a proof of the 
monatomic character of the vapour, and the conclusion 
holds equally good for argon. . . . Now a monatomic gas 
can only bo an element, or a mixture of elements; and 
hence it follows that argon is not of a compound nature.”® 

But whether it is an element or a mixture of elements 
was still doubtful. “ The behaviour on liquefaction, how- 
ever, seemed to prove that in the latter case either the 
proportion of the subordinate constituents was small, or 
else that the various constituents were but little contrasted. 
An attempt, somewhat later, by Eamsay and J. Noianan 
Collie to separate argon by diffusion into two parts, which 
should have different densities or refractivities, led to no 
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distinct effect. More recently Eamsay and M. W. Travers 
have obtained evidence of the existence in the atmosphere 
of three new gases, besides helium, to which have been 
assigned the names of neon, ki’ypton, and xenon. These 
gases agree with argon in respect of the ratio of the specific 
heats and in being non-oxidizable under the electric spark. 
As originally defined, argon, included small proportions of 
these gases, but it is now preferable to limit the name to 
the principal constituent and to regard the newer gases as 
‘ companions of argon.’ The physical constants associated 
vdth the name will scarcely be changed, since the propor- 
tion of the ‘ companions ’ is so small. Sir William Eamsay 
considers that probably the volume of all of them taken 
together does not exceed l/400th part of that of the argon.” ^ 

If argon is an element its atomic weight is 40, for its 
molecule is identical with its atom, and the molecular 
weight of a gas is double its density, which in the case of 
argon is approximately '20. 

“ From the manner of its preparation it was clear at 
an early stage that argon would not combine with magne- 
sium or calcium at a red heat, nor under the influence 
of the electric discharge with oxygen, hydrogen or nitro- 
gen. Numerous other attempts to induce combination also 
failed. Nor does it appear that any well-defined compound 
of argon has yet been prepared. It was fotmd, however, 
by M. P. E. Berthelot that under the influence of the silent 
electric discharge, a mixture of benzine vapour and argon 
underwent contraction, with formation of a gummy product 
from which the argon could be recovered.”" 

The determination of the inert nature of argon — to 
which it owes its name — answered all objections to the 
hypothesis of its existence based on the fact of previous 
non-observation. “ For more than a hundi-ed years before 
1894 it had been supposed that the composition of the 
atmosphere was thoroughly known. Beyond variable 
quantities of moisture and traces of carbonic acid, hydro- 
gen, ammonia, etc., the only constituents recognised were 

* Lord Rayleigh : Article on Argon, Ency. Brit., 11th ed., p. 478 a. 

* Ibid., pp. 477 &-478 a. 
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nitrogen and oxygen. The analysis of air was conducted 
bj' determining the amount of oxygen present and assum- 
ing the remainder to be nitrogen. Since the time of Henry 
Cavendish no one seemed even to have asked the question 
whether the residue was, in truth, all capable of conversion 
into nitric acid.” ' 

Even such an imperfect outline as the above niakc.s 
abundantly manifest that induction is by no means an ca.sy 
process, or one that can bo reduced to mechanical rules; 
that the procedure starts from, and is guided throughout, 
by hypotheses ; that number of experiments is appealed 
to only as a guarantee that only known conditions are 
operative ; that the procedure of percepttial analysis is to 
establish a positive connexion, to purge this of exceptions 
and to limit and corroborate it by negative instances ; and 
that one inductive enquiry gives rise to others. 

5. Henry VIII and the Parliament of 1529. — It 
mil bo fruitful to compare the exactness of experiment 
and the certainty of conclusion possible in such a research 
as that just considered, in which experiment can bo used 
thi’oughout to verify or to disprove hypotheses, with the 
uncertainty of speculation and the balancing of proba- 
bilities which are the solo resources of the labourer in 
social or historical science. As an example of historical 
reasoning we will take Mr. A. P. Pollard’s examination of 
the assertion that at the election of 1529 the House of 
Commons was packed with royal nominees.^ Only the 
salient features of the argument are indicated. 

Mr. Pollard contends that the House was not packed, 
but that the elections wei'e free. This is the hypothesis 
he sets out to establish. He points out that “ the election 
of county members was marked by unmistakeable signs of 
genuine popular liberty. There was often a riot, and 
sometimes a secret canvass among freeholders to promote 
or defeat a particular candidate.”® Two illustrations are 
given, one of “secret labour among the freeholders of 
Warwickshire,” and the other of a “ hotly contested elec- 
tion between the candidate of the gentry of Shropshire 

^ Ibid., 475 a. ^ Pollard, Henry VIII, p. 252. ^ jiid. , p. 252. 
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and the candidate of tlie toivnsfolk of Shrewsbury.” The 
first is of date 1534, and only on the assumption that it is 
typical of the times can it be used as evidence for 1629 ; 
the second is not dated. There is also the assumption, 
based on analogy, that a “riot” and a “secret canvass” 
are “ signs of genuine popular liberty ” of election. 

The next instance taken has also only the force of an 
analogy. “ In 1547 the council ventured to recommend 
a minister to the fi-eeholders of Kent.”^ The electors 
objected, and in spite of the council’s protest that they 
had no wish to deprive the shim of its “ liberty of elec- 
tion,” the government candidate had to find another seat. 
Since this incident took place presumably after the death 
of Henry Yiii it has no probative value and again as- 
sumes that the conditions in 1529 were sufficiently similar 
to make such instances possible, though there is an absence 
of direct testimony to them. 

But phrases like ‘ popular liberty,’ ‘ freedom of election ’ 
may mislead owing to analogies from modern times. It 
is, therefore, pointed out that the boroughs were often 
close corporations of few electors. They were on account 
of their numbers especially susceptible to external influ- 
ence, and therefore to that of the king. To this it is 
replied that there was every variety of franchise. In some 
it was almost democratic. This is supported by the 
example of London. The election to the Parliament of 
1529 took place in the presence of a large company in the 
Gruildhall with “ no hint of royal interference, the election 
being conducted in the customary way, namely, two candi- 
dates were nominated by the mayor and aldermen, and 
two by the citizens.”” The argument is here from silence : 
the absence of any hint of royal interference is not in 
itself conclusive since we are not certain that if there had 
been interference, the record of it would have remained. 
The fact, however, that the election took place in the 
presence of a throng of citizen electors makes the theory 
of interference improbable. 

However, “ in many boroughs, elections were largely 
1 Ibid., p. 252. * Ibid., p. 253. 
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ilc(cnninccl by rcconiineiuliif ions from npi'^'libonrim,' mmi- 
natcs, lorritorial or oflicial.” H. is supccfoslod lliat. tlio 
latter vould bo subservient, to tlio binij. I>ul. if. is clear 
that the nominations ivero not royal, and tlioro is no evi- 
dence to show that such classes were ncccs.sarily supporters 
of the hing. Eoyal ministers, of course, would be. Apart 
from them members would represent the views of their 
patrons, and these might be opposed to the Court. That 
there was opposition is supported by the fact that “ in 
1539 CromweH’s agents were considering the advisability 
of setting up Crown candidates against those of Gardiner, 
Bishop of Winchester." * 

A letter to Cromwell, written in 1529, is quoted in sup- 
port of the theory that the House of Commons consisted 
of Eoyal Nominees. On examination this is shown to bo 
inconclusive. Cromwell sought Henry’s permission to 
serve in parliament in order to bo useful to the king. If 
Henry accepted his offer ho was to bo nominated for 
0.xford. But his election there was not regarded ns cer- 
tain — an obvious limitation of the royal power. If not 
elected for Oxford ho was to put up for a constituency in 
the diocese of Winchester. Asa matter of fact ho sat for 
Taunton. This is not conclusive against royal nomination. 
It does show, however, that there were diOlculties in the 
way of its exercise. It is admif.ted that there was a 
small number of royal boroughs in which the Icing had 
only the same influence as an ordinary patron. 

ITie next hypothesis to bo refuted is that constituoucios 
were created in order to further royal influence. Returns 
show that as a matter of fact there were six boroughs in 
1529 which liad never returned members before. Two 
explanations are suggested; (1) Almost all tho six had 
increased in population or importance, and it is suggested 
that their representation was due to that. On tho general 
^ principle relating to the creation of constituencies tho 
reasons given are adequate. (2) But there is an alterna- 
tive suggestion — that they were created to pack the House 
of Commons. This is negatived by considering the futility 
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of creatine; lialf-a-dozeu boi’onglis. Por “ so small a 
number of vote.s Tvas useless, except in the case of a close 
division of Tvell-drilled parties, of Tvhicli tliere is no trace in 
the Parliaments of Heniy VUI. The House of Commons 
acted as a -whole, and not in two sections. ‘ The sense of 
the House ’ was more apparent in its decisions then than 
it is to-day. Actual divisions were rare: either a pro- 
posal commended itself to the House, or it did not ; and in 
both cases the question was usually determined without a 
vote.”’ The analogies drawn from present-day procedure 
are rejected because there were fundamental differences of 
conditions. The rejection of the second explanation does 
not prove the first, but it strengthens it. In the absence 
of further alternative suggestions, the first has considerable 
probability from ‘ the nature of the case,’ that is, as a 
deduction from general principles. 

Further, the ci’eation of boroughs to seiwe the king’s 
interest must be sho-wn to be motived by the king’s 
political needs. The only reasonable gi’ound would be an 
opposition of interests between Iring and parliament. But 
there was no need to pack the parliament on this score, 
since both were averse from war and both had grievances 
against the Chui'ch. Their secular and ecclesiastical in- 
terests were identical. The creation of boroughs is also 
sho-wn to be unnecessary on the ground that parliament 
could not be a centre of discontent. The members were 
chiefly from the landed gentry and the prosperous com- 
mercial classes. How the grievances of the time were 
social and economic, and not as a imle political. For 
example, complaints were rife as to the enclosing of lands 
and trading monopolies. Assuming that Heniy was averse 
to measures for redress, he had no need to fear that par- 
liament would propose them, for members were themselves 
the chief offenders in these matters. Thus Henry had no 
adequate motive for paclring his parliament. 

Lastly there was systematic interference in elections 
during Henry VIII’s reign, why not then in 1529 ? This 
is met by the hypothesis that systematic interference was 


’ Ibid., p. 255. 



§ 5 ] HENRY Till AND THE PAREIAMENT OF 1529 . 439 

a later expedient due to Cromwell. As for the facts “ it 
was apparently tried during the hye-elections of 1534, and 
at the general elections of 1536 and 1539.”^ The motive 
is found in the necessity which Cromwell was under of 
finding support in his struggle with “the reactionary 
party in the council.” (Notice the question-begging 
epithet ‘ reactionaiy.’) The fact that shortl}’’ after the 
policy of interference was adopted Cromwell was executed 
is noted as significant, and is alleged to support ‘the 
author’s contention on the ground of a tentative geneml- 
isation which is illustrated from later times, “The 
packing of Parliaments has in fact been generally the 
death-bed expedient of a moribund Government. The 
Stuarts had their ‘ Undertakers,’ and the only Parliament 
of Tudor times which consisted mainly of government 
nominees was that gathered by Northumberland on the 
eve of his fall in March, 1553 ; and that that body was 
exceptionally constituted is obvious from Eenard’s en- 
quiry in August, 1553, as to whether Charles V would 
advise his cousin. Queen Mary, to summon a general 
parliament or merely an assembly of ‘ notables ’ after the 
manner introduced by Northumberland.”^ 

The above example illustrates the difficulty of coming 
to definite and convincing conclusions in the absence of 
full and adequate testimony. The facts on which the 
argument is based represent a selection made from con- 
temporary documents. In his condensed narrative the 
historian does not analyse the general value of his sources, 
nor test the sincerity and accuracy of separate statements, 
probably because they are of such a kind that there is no 
motive for calling their genuineness in question. Taking 
the facts as they are reported, he shows how they support 
his hypothesis, and the conclusions drawn from it. The 
whole narrative is avowedly a constraction which the 
author believes to represent the truth. His attitude to 
history can be best expressed in his own words. Re- 
ferring to numerous sources for the facts of Henry 
VIII’s reign made accessible in recent years, he says. 


' Ibid., pp. 260-261. 
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“ These sources probabl}*^ coutaiu at least a uiilliou definite 
facts relating to the reign of Henry VIIT. ; and it is 
obvious that the tasli of selection has become heavy as 
well as invidious. . . . Yet selection is inevitable, and 
arrangement essential. The historian has no option if he 
wishes to be intelligible. He will naturally arrange his 
facts so that they spell what he beheves to be the tnith ; 
and he must of necessity suppress those facts which he 
judges to be immateifial or inconsistent with the scale on 
which he is writing. And if the superabundance of facts 
compels both selection and suppression, it counsels no 
less a restraint of judgment. . . . Dogmatism is merely 
the result of ignorance; and no honest historian will 
pretend to have mastered all the facts, accurately weighed 
all the evidence, or pronoimced a final judgment.”^ 

6. Wave Theory of Light. — As a last example we will 
take the establishment of a wider generalisation embracing 
many empirical laws, and give in outline the steps by 
which the wave thefiry of light gradually won general 
acceptance. The steps cannot be given in detail because 
of the somewhat difficult mathematical reasoning in- 
volved. 

The wave theory assumes the existence of a medium 
called the luminiferous ether through which light is pro- 
pagated in waves. It was suggested by analogy with the 
theory of sound. Both light and sound were known to be 
reflected according to the same law, and it was further 
known that sound is propagated in waves through a medium 
such as air or wood. , Hence the suggestion that light is 
propagated in a similar way. But wave-motion from its 
very nature cannot be conceived except in some continuous 
me^um which transmits the motion. How light reaches 
us from the stars. Consequently in order to account for 
the arrival at the earth of light from the stars we must 
assume, if we adopt the wave-theory, the presence in the 
intervening space of a continuous' medium capable of 
transmitting waves. Since the properties of the medium 
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cannot be du-ectly apprehended by the senses we can only 
arrive at them by the indirect method of enquiry.^ 

Hnygens, in his TraitS de la Tmmiere published in 1678, 
gave the earliest important exposition of the Wave Theory 
of light. That theory in its present form assumes that a 
candle or gas flame, the incandescent filament of an electric 
glow lamp, a glowworm, or any other material body gene- 
rating light, does so by the propagation of vibrations 
through the luminiferous ether. The vibrations are pro- 
pagated in the form of waves in every direction in such 
fashion that the wave-front has the form of a sphere. 
Moreovei*, around each particle of a vibrating medium 
as a centre other spherical waves are formed. The ether 
is assumed to fiU all space and to permeate all matter, to 
have a definite density, and to possess elasticity. 

When Huygens wrote, two important empirical laws in 
relation to reflection and refraction had been established. 
If a ray of light is reflected from a perfectly smooth sur- 
face, the angle between the ray of light and the perpen- 
dicular dravra to the surface at the point where the ray 
reaches it, is equal to the angle between the reflected ray 
and the same perpendicidar. Both reflected ray and 
incident ray lie in the same plane. On the other hand, if 
the smooth surface is that of a transparent medium, a 
second ray starts from the point of incidence and traverses 
the transparent medium. This is termed the refracted 
ray, and makes an angle with the perpendicular as before 
defined which bears a constant ratio to the angle of 
incidence. The value of the ratio in any particular case 
depends on the nature of the two media through which the 
light passes. Huygens showed that these laws of reflec- 
tion and refraction follow at once if light is assumed to be 
a wave motion with a speed of propagation that is the 
same for each medium, but different for different media. 

So far the theory was capable of explaining important 
phenomena of light, but as Huygens formulated it, there 
were other phenomena which it did not explain. It did 
not account for the fact that light travels in straight lines. 

* See Edser, Light for Students, p. 286, 
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On analogy witli sound it seemed as though light should 
be seen, as sound is heard, Tvhen a material obstacle inter- 
venes. On tliis ground Ne-wton rejected the theory. “ If 
light consisted in vibrations it would, like sound ‘ bend 
into the shadow.’ ” ^ He preferred, therefore, the rival 
corpuscular theoiy that light consists of a great number of 
material particles travelling at a great speed and emitted 
by luminous bodies. This theory easily explained the 
rectilinear propagation of light since the particles them- 
selves were conceived to move in straight lines. It also 
accounted for the laws of reflection and refraction, though 
it did not explain as well as did the wave theoiy how there 
could be both reflection and refraction in the case of a 
transparent medium. Two assumptions were made : first, 
that the luminiferous particles are perfectly elastic ; second, 
that they travel faster in a denser medium. Granted the 
perfect elasticity, the laws of reflection could be easily 
deduced : granted the more rapid propagation in a denser 
medium, the laws of x'efraction at once followed. Thus 
the corpuscular hypothesis was moulded to fit the facts. 
But neither hypothesis gave a satisfactory explanation of 
all the facts. After considerable hesitation Newton pro- 
nounced in favour of the corpuscular theory, and his great 
authority caused the wave theory to fall into disrepute 
until it was revived at the beginning of the nineteenth 
century by Toung, in England, and Fresnel in France. 

To these men was due the first statement and develop- 
ment of the principle of interference. When any medium 
is set independently vibrating at two points very near to- 
gether, the wave-motion with its centre at one point wiU 
overlap and interfere with the wave-motion which has its 
centre at the other. When the crests or the hollows of 
the waves from each som-ce coincide they accentuate the 
separate effect of each, but where the crests from one 
meet the hollows from the other the separate effects are 
neutralised. In the first case the vibrations differ in phase 
by a wave length or some multiple of a wave length: in 
the second, they differ by a half wave length or some odd 


‘ Cajori, A History of Physics, p. 87. 
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multiple of it. Now if light he due to wave-moiiou there 
should he cases in which waves from two sources of light 
interfere with one another so as to give increased briglit- 
ness where the waves help one another, and to produce 
darkness where they act in opposite dii-ections. Fresnel 
produced the phenomena by experiment. A beam of sun- 
light Avas introduced into a darkened room and focussed at 
a particular point. This point was reflected from two 
mirrors annnged at such an angle that the two streams of 
light followed a slightly different path, but near enough 
together to produce the phenomena of interference if the 
wave theory were true in fact. It was found that alternate 
bright and dark bands of colour were produced as the 
theoiy had led him to expect. 

The experiment was varied by passing the white light 
through glass of different colours, but the results only 
served to confirm the principle of interference. With red 
light, for example, the bands were alternately red and 
black. Newton had been familiar with the phenomena in 
another form and had explained it by means of the coi-pus- 
cular theory with the aid of one or two further assumptions 
as to the mode of action of his light particles. His expla- 
nation Avas “reasonable and ingenious,” but one of his 
assumptions has been shown experimentally to be un- 
warranted. “ Fresnel’s experiment gives decisive evidence 
in favour of the wave theory of light. That light when 
added to light should produce darlniess is incomprehensible 
on any theory of the material nature of light.” ' 

But the difficulties of the Avave theory were so great in 
themselves that it did not appear decisive at the time. 
Fresnel had, however, lessened them by shoAving that the 
approximate rectilinear pi'opagation of light could be ex- 
plained by wave-motion. Mathematical considerations 
prove that on the assumption that the length of a light 
- wave is very small in comparison Avith ordinary magni- 
tudes the path of a ray of light would not differ appre- 
ciably from a straight Hne. It can be shoAvn by independent 
methods " that, as a matter of fact, the wave length of 


* Edaer, Light for Students, p. 323. 
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light varies between 0'4 X 10“^ mm. and O'S x 10“^ mm., 
according to its colour,”' and this length is of the requi- 
site degree of smallness. 

But in strict theory “waves of such lengths should 
exhibit a slight tendency to bend round comers, and the 
effects of this should be observable tmder appropriate con- 
ditions.”" If light travelled in straight lines the shadows 
cast by objects not illuminated by other soui’ces of light 
should have clear cut outlines, and be of definite geometri- 
cal shape. G-rimaldi in the seventeenth centmy had ob- 
served phenomena at vai'iance with this deduction. He 
introduced a pencil of light into a dark room through a 
small hole. " The shadow cast by a rod held in the cone 
of light was allowed to faU. upon a white surface. To his 
surprise he found the shadow wider than the computed 
geometrical shadow; moreover, it was bordered by one, 
two, and sometimes three coloured bands. When the 
light was very strong, he saw, in addition, colotired bands 
inside the shadow itself. On replacing the rod by an 
opaque plate with a small hole in it, the illuminated cii'cle 
was found larger than it should have been on the supposi- 
tion that the luys travelled past the edges of the hole in 
exactly straight hnes. This and other experiments estab- 
hshed the fact that light bends very slightly round a 
comer. He called the new phenomenon ‘diffraction.’® 
Diffraction was explained on the emission theory “ by 
means of hypothetical laws of attraction and repulsion 
between the light coi'puscles and the edges of the 
object causing diffraction.”^ At a later date the pheno- 
menon was studied experimentally, and the facts were 
found to be in accordance with deductions from the 
assumed propapagation of light in waves through ether 
as a medium. Again, both hypotheses explained the 
phenomenon. 

A further difficulty in the way of accepting the wave 
theory arose from the polarisation of hght. If a ray of 
light be passed through a rhomb of Iceland spar it will 


* Edser, ibid., p. 427. * Ibid., p. 427. 

3 Cajori, History of Physics, p. 88. * Ibid., p. 143. 
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take two cliffcreiit paths. One of the two rays is called 
the ordinary ray, the other the extraordinary. It is the 
latter which is said to bo polarised. Malus discovered that 
similar phenoiuena are produced by reflection. " At this 
time no explanation of polarisation had been given by the 
wave theory, which was in great danger of being over- 
thrown by the new mass of evidence furnished by ilalus. 
Thomas Young wrote in 1811 to Malus, who was a pro- 
nounced partisan of the emi.ssion theory : ‘ Your ex])eri- 
ments demonstrate the insufficiency of a theory (that of 
interferences), which I had adopted, but the}* do not 
prove its falsity.’”' In other words, ho did not feel 
called upon to abandon his hypothesis, but felt that he 
must seek some modifiaition of it which would explain 
the new facts brought to light. As the wave theory then 
stood, the wave-motion of light was conceived as similar to 
that of sound, and therefore the vibrations were thought 
to be only longitudinal, that is, in the direct ion of the ray. 
This assumption did not account for the direction of the 
polarised ray. But Fresnel assumed that in this case the 
vibration was in a direction transverse to the ra}*, and 
then showed that the consequences of this assumption 
were borne out by the facts as experimentally deter- 
mined. Thus -with a slight modification the wave theory 
was proved to explain adequately all the phenomena of 
polarisation. 

But the corpuscular hypothesis was not yet dead. For 
example, when the rich colours produced by polarised light 
were discovered by Arago in 1811, “partisans of the two 
rival optical theories hastened to find explanations of this 
phenomenon. ... On the undulatory theory explanations 
were given fii'st by Young, then more fully by Arago and 
Fresnel. On the corpuscular theory, the facts were ac- 
counted for by Biot in a complicated research of great 
mathematical elegance.”" Moreover Brewster, who did 
much to further the study of polarisation in crystals, 
asserted that “ his chief objection to the undulatory 
theory of light was that he could not think the Creator 


' Cajori, op. cit., p. 146. 


2 Ibid., p. 147. 
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guilty of so clumsy a contrivance as tlie filling of space 
Tvitli etlier in oixler to produce light.” ^ 

The claims of tlie rival liypotheses as alternative ex- 
planations v^ere not decided until 1850. “ He'wton had 

deduced the laws of refraction from his corpuscular theory 
of light by assuming that the luminiferous particles 
travelled faster in a denser medium. . . . The wave 
theory reverses this. It also explains the phenomenon 
of refraction as depending on the different velocities in 
the two media; but it requires that the velocity should 
be less in the denser medium.”^ Foucault devised an 
apparatus by means of which the velocity of light in au 
and in water was directly measured. He found that the 
velocity was greater in air than in water. But water is 
the denser medium, and on the coi’puscular hypothesis 
light should travel faster through it. The experiment, 
therefore, definitely disproved that hypothesis.® 

Since then the wave theory has been regarded as estab- 
lished. But it must be noted that Foucault’s experiment 
does not prove it : it only disproves the rival hypothesis, 
and shows that the wave theory, if true, accoimts for the 
empirical law of refraction. To establish the wave theory 
beyond cavil it would b6 necessary to show that no other 
hypothesis explains the facts ; though none other has been 
suggested, it would not be safe to say that no other is 
possible. However, the probability of the truth of the 
wave theory is very gi’eat owing to the wide range of 
empirical laws which can be deduced as consequences from 
it. The greatest problem which the theory raises is the 
natui-e of the ether which it postulates. To form an ade- 
quate conception of a medium filling all space, with some 
of the properties of a solid and yet not perceptible to the 
senses, is a task which waits for its fulfilment in the future. 


^ Tyndall, Six Lectures on Light, p. 49, cit. Cajori, op. cit., p. 
148. 

- Eggar, Wave Motion, Sound, Light, p. 530. 

3 Cf. also pp. 351-352. 



CHAPTER XXXIII. 


QUANTITATIVE DETEBMINATION. 

1. Measurement. — We have considered in the pre- 
ceding chapters how the existence of a necessary relation 
between phenomena can be established. But all perceptible 
facts are measm-able, and, consequently, a relation between 
them is stated ivith perfect definiteness and exactness only 
when it is expressed in quantitative fonn. We must not 
only be able to say generally that If S is A it is X, but that 
for every definite value a, oi A, there is a corresponding 
definite value x^ of X- Thus, as Mach says, “The laws 
of nature are equations between the measurable elements 
of phenomena.” ‘ 

No doubt the attainment of precise mathematical state- 
ment of law is only possible in the most advanced branches 
of science. Every branch of knowledge is at first merely 
qualitative, or at best very roughly quantitative. The 
ancient Chaldean astronomers, for example, were satisfied 
to record an eclipse to the nearest hour, but now the time 
is fixed to a very small fraction of a second. As the power 
of exact measurement is increased, science advances ; and 
thus the invention of a new and more exact instrument of 
measurement has, as Jevons remarks, “ usually marked, if 
it has not made, an epoch” in the branch of science to 
which it is applicable. This dependence of 'the advance of 
science on progress in the power of measurement is forcibly 
illustrated by De Morgan. “ Had it not been,” he remarks, 
“ for the simple contrivance of the balance, which we are 
well assured (how, it matters not here), enables us to 
poise equal weights against one another, that is, to detect 


' Science, of Mechanics, p. 502. 
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equality and inequality, and ttence to ascertain how many 
times the greater contains the less, we might not to this 
day have had much clearer ideas on the subject of weight, 
as a magnitude, than we have on those of talent, prudence, 
or self-denial, looked at in the same light.” ^ Indeed, as 
scientific thought is exact thought, physical science can- 
not strictly be said to exist except in a quantitative form. 
“ Numerical precision ... is the very soul of science ; and 
its attainment affords the only criterion, or at least the 
best, of the truth of theories, and the correctness of ex- 
periments. . . . Indeed, it is a character of all the higher 
laws of nature to assume the form of precise qiia7ititative 
statement.” - 

The laws of nature are, however, expressions of the 
relations between phenomena. Now, every concrete fact 
is complex ; that is to say, it is due to the co-operation of 
several conditions, it is the embodiment of a plurality of 
relations. Its whole nature, therefore, can never be ex- 
pressed by one law, for each law is the statement of only 
one of these relations. Hence, each law is highly abstract, 
and is hypothetical in essence, even when expressed in a 
categorical form, as it states not what does happen, but 
what would and must happen under certain defined con- 
ditions. But it is firequently impossible to secure these 
conditions unmixed with other and intei'fering conditions. 
For the relations which meet in a concrete fact are not 
independent, and they frequently modify or counteract 
each other. Thus, it happens, that many quantitative 
laws — as, e.g. the law of inertia — are never exactly realised 
in fact. Such a law obviously cannot be simply read off 
from the facts which more or less fail to fulfil it. It is a 
hypothesis of the quantitative relation which would hold 
did it exist alone, and its truth is established indiiuctly by 
showing that the actual deviations from it can themselves 
be calculated as the effect of the interference of other 
conditions. 

This becomes more evident, however, when we remember 

^ Formal Logic, p. 175. 

* Hersoliel, Discourse on FFatural Philosophy, §§ 115-6. 
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that facts nro known to ns only as tlioyaro ohscrvccl hy us, 
and that all observation is dctormineil not only by fho fact 
but by the observer. All observation, whether made with 
or without insf mmcnls, rests at bottom uj>on the accunito 
interpretation of sense impressions ; for inslninieuts and 
other artificial means of improving observation can do 
nothing but bring the observed object, by brcalcing it up, 
magnif^’ing it, and so on, witliin that range of modenito 
quantities which can Iw gauged by our senses. But how 
erroneous our interpretation of sense impressions may 1)o 
is evident to anyone who considers, for instance, how 
much larger the moon appear.s to us wlicn it is just above 
the horizon than when it is in its zenith, or again hov.’ (ho 
shape or size of tlic same object seems to vary with its 
distance from, .and relative position to, the observer. 

It is true wo never attempt to estimate absolute, but 
only relative, magnitude; in other words, all measurement 
is comparison with a standard unit. What chametor of 
unit should 1x3 employed for the mea.suromont of any kind 
of quantity is a matter of tho greatest practicail im]>or- 
tance, but it is one which concerns tho particular branches 
of knowledge, not gcncnal logic.al theory. Tho recognition 
of this comparative character of measurement, however, 
m.akes clear that its accuracj' is relative to our power to 
distinguish dilTorenccs by our senses. And this power i.s 
limited, even with the most delicate instruments. " Few 
measurements of any kind,” says Jevons, " are exact to 
more than six significant figures, but it is seldom that sucli 
accunac}’ can bo hoped for.” * Wlien, then, it is said that 
two magnitudes are equal, all tliat is meant is that our 
most exact instnimonts fail to make apparent any differ- 
ence between them ; but it does not follow that with more 
delic.ato instruments some difference would not appear. 
Thus a rough balance would indicate equality between two 
weights which a more delicate instrument would show to 
differ. A medic.al prescription could uot bo satisfactorily 
made up with a pair of grocer’s sc.ales. 

Further, tho actual correctness of measurements oven 


' Principles of Science, p. .303. 
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within this limit of possible accuracy cannot be assumed. 
This is evident from the fact that two careful mea- 
surements of the same magnitude never exactly agree, 
and, therefore, one or both are erroneous. Indeed, “ we 
may,” as Jevons says, ” look upon the existence of error 
in all measurements as the normal state of things.”' 
Now ‘ error ’ means a discrepancy between the magnitude 
given by actual measurement, and that estimated as the 
application of- the law to this particular case. It might 
seem, at jSrst sight, that the law was, therefore, shown to 
need modification and restatement. But this is not neces- 
sarily the case. If, as the experiment is repeated more 
and more carefully, the results approximate more and 
more to the law, then the law is confirmed : exact coiaci- 
dence must never be expected. For instance, a student 
“ learns that two pints of steam at a temperatui’e of 160° 
Centigrade will always make two piuts of hydrogen and 
one pint of oxygen at the same temperature, all of them 
being pressed as much as the atmosphere is pressed. If 
he makes the experiment and gets rather more or less than 
a pint of oxygen, is the law disproved ? No ; the steam 
was impui-e, or there was some mistake. Myriads of 
analyses attest the law of combining volumes; the more 
carefully they are made, the more nearly they coincide 
with it.” Or agaia, “The place of a planet at a given 
time is calculated by the law of gravitation ; if it is half a 
second wrong, the fault is in the instrument, the observer, 
the clock, or the law; now, the more observations are 
made, the more of this fault is brought home to the instru- 
ment, the observer, and the clock.” ^ 

It thus follows that our laws are more exact than our 
observations and experiments can ever be, and that, con- 
sequently, they cannot be derived from mere comparison 
of the results of these observations, but are hypotheses 
which are more or less exactly verified by those experi- 
ments. Indeed, even were our measurements exact, yet 
they are only of isolated quantities, while the law gives 
the general formula of relation which claims to be applic- 


* Op. ciL, p. 357. 


* Clifford, Lectures and Essays, pp. 91-92. 
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able to all otlier degrees of magnitude of tbe same pbeno- 
menon. The law is thus seen to he a result of the synthe- 
sising activity of mind, an activity which leads us to think 
of all nature as constituted by universal and definite laws. 

As, then, every measurement is more or less inaccurate, 
the question next arises as to whether, and how far, such 
error can be explained. In some cases it can ; allowance 
may be made for the influence of modifying conditions 
when they are known to exist; e.g. for friction in any 
experiment dealing with the law of inertia ; for tempera- 
ture in experiments with the pendulum, or in measuring 
with metal rods. In other cases, there is a known and 
constant source of error in the instrument by means of 
which the observation is made — e.g. a clock may be known 
to be a second too fast or too slow. Again, there is with 
all observers a ‘ personal equation ’ which is practically 
constant, as it is always in the same direction and of the 
same average amount; that is, one observer will always 
note the time of an observation a little earlier than 
another. Thus, “ the difference between the judgment 
of observers at the G-reenwich Observatory usually varies 
from Yhs to § of a second, and remains pretty constant 
for the same observers.” ^ The average amount of this 
personal error may then be calculated and allowed for. 

But there are other errors which cannot be explained. 
They are due to causes which are unknown, or whose 
influence is so inconsistent that it cannot be calculated. 
They may result from the operation of some law not 
known to the observer, or to the imperfection of man’s 
powers of observation and of his instruments. On this 
we will quote an excellent passage from De Morgan’s 
Ussay on Prolaiility : “ To note a measurable pheno- 
menon without any error at all, would require sight and 
touch by which every magnitude, however small, could be 
perceived and correctly estimated. Such senses belong to 
no one, and the degree of approach towards perfection not 
only varies with the observer, but is different at different 
times with the same observer. Many errors to which 


* Jevona, cp. cit., pp. 347-348. 
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instruments are sut)ject ouglit in strictness to "be classed 
imder the first head; if, for instance, an astronomical 
circle gradually change its foim, or imdergo daily expan- 
sion and contraction by variations of temperature, the 
diversity of results which such a piece of brass will show 
are certainly subject to laws, and might be predicted, if 
we possessed sufficient knowledge of the constitution of 
the metal, and the laws which regulate the effect of pres- 
sm*e, temperature, moisture, etc., upon it. But so long as 
such laws are unknown, and the variations do not follow 
any distinguishable rule, their effect upon general results 
differs in nothing perceptible from that of the observer’s 
own errors, with which they are mixed up in the particular 
results of observation.” ^ When, therefore, allowance has 
been made for all known sources of error, there yet remain 
discrepancies whose causes, character, and magnitude are 
imknown. We must, then, consider briefly how the scien- 
tific enquirer seeks to eliminate such chance errors. 

There are two broad cases : first, when the effective con- 
ditions of a phenomenon are unknown; secondly, when 
measurements actually made differ slightly from each 
other. In the former, appeal is made to the Theory of 
Probability ; in the latter, to methods of eliminating the 
influence of sources of error in measurements. 

2. Probability. 

(i) Basis of the Theory. — When, in any particular 
case, we do not know what conditions are operative, we 
cannot tell, on the one hand, what result will appear, nor, 
on the other, can we say positively what conditions have 
produced a certain given event. In such cases we are 
accustomed to speak of the occui'rence as due to chance. 
But our whole conception of the unity of nature forbids 
the idea that any element of reality can be really casual. 
Every detail is, in the strictest sense, necessary, and deter- 
mined absolutely bj’- conditions — all is causal, nothing is 
casual. Were our knowledge complete, then, the idea of 
chance would disappear; it is due solely to the imperfection 
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of knowledge. This inipcrfcclion is, of course, gnuler 
in some cases than in other.s; it, may affect the event as a 
whole, or it may affect only some particular aspect of it. 
But, even with imperfect knowledge, we are olten called 
upon to come to a decision or to act. The question tlien 
arises as to wliat we ouglit rationally to expect. 

The estirnation of such rational expectation is the pro- 
vince of the Theorj" of Probability. Prob.ability i.s, thus, 
seen to be subjective in the sense that , when we say that 
the probability that an event will happen in a certain 
way is Ifn, what wo me.an is that the relative amount of 
knowledge and ignorance wo posse.ss as to the conditions 
of the event, justify that amount of expectation. The 
event itself will happen in some ono definite way, exactly 
determined by causation ; _the p robability docs not deter- 
mine that, but only our subjective expe^aUon o f it. I n- 
deeci, without the assumption of the ncce.ssity of the actual 
event, there would bo no basis for the calculation of 
probability, TIio very foundation of the theory is that 
possibilities can bo limited to a definite finite number. 
dYe know, in other words, that the general relation If S is 
A it is X bolds ; but we do not know what particular form 
— AT, or V; or . . . Xn — X will take, because we do not Icnow 
in what exact form — a, or a, or .. . On — the general con- 
dition A will bo realised, though wo aro hound to assuiuo 
that .every definite form a„ necessitates one perfectly 
definite form Xn. 

'^t is from this combination of knowledge and ignorance 
that the calculation of probability starts. Its logical basis 
is thus seen to bo the disjunctive judgment. But certain 
conditions must be fulfilled by the alternative specifications 
which form its predicate. They must first, as has been 
said already, be exhaustive of th e whole range of possi - 
bility. Secondly, they must bo ilelmitfi*. andthereforc, in 
agreement with the principle of identity. Thirdly, they 
must be mutually exclusiv e. As we saw in our discussion 
of the disjunctive proposition, the form of the proposition 
does not guarantee this exclusiveness though the nature of 
the alternatives often does. But where there is any doubt 
on the matter, the disjunction may always he so written 
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as to malce all tlie alternatives formally exclusive — tlms 
S is either nm or mn or mn expresses, with formally ex- 
clusive predicates, tlie disjunctive proposition S is either 
m or n.K Lastly, the alternatives must be of e qual v alue . 
i.e., if they are given — as they always may be — as alter- 
native consequents in a hypothetical proposition, those 
consequents must be equally likely. 

If the disjunctive proposition is given in categorical form, 
this condition postulates that the alternative predicates 
either shall be equal and co-ordinate specifications of the 
common genus, or shall refer to equal extents of denotation. 
Thus, if an urn contains one black and six white balls, the 
disjunction that a ball di-awn will be either white or black 
is doubtless correct ; but it is not a basis for the calculation 
of probability, for black and white are not specifications of 
equal value of the genus ball. Or, stating the proposition 
in hypothetical form — If a ball is drawn, it is either white 
or black — the consequents are not equally likely, owing to 
the preponderance in number of the white balls, .^d 
generally, this condition of equivalence can never be ful- 
filled when one of the alternatives simply negatives the 
other, owing to the indefinite range of reference of the 
negative term. Indeed, such a disjunction would not fulfil 
the second condition given above, which requires that each 
alternative shall be definite. 

But it is necessary to enquire into the justification for 
regarding the alternatives as equally likely. This justifica- 
tion must be found in our ignorance as to what precise 
conditions will be operative. For example, if a penny is 
tossed, it will fall with either head or tail uppermost. 
How, which will be uppermost in any particular throw "will 
be exactly determined by such conditions as the position 
of the coin at starting, how it is grasped in the fingers, the 
force and direction of the twist, etc. _ But what special 
form these conditions will take we are totally ignorant. 
We loiow that if S (the coin) is tossed (>4), it will fall 
with one side uppermost (/) ; but as we do' not know the 
form an which A will take, we do not know whether X will 
appear as Vj (heads up) or (tails up). 

There is, thus, in every such calculation a basis of 
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knowledge. We Icnow the coin will lie on one of its sides 
and not on its edge ; but we Lave no reason to expect one 
side ratber than the other to be uppermost, that is, we 
have no reason to believe the chances to be unequal. But 
fiu’ther, we also Imow that in a long series of throws the 
sides which come upwards will succeed each other very 
in'egularly, and yet with an approximation to equality in 
frequency. We have thus, in addition, objective and 
positive reason to believe that the chances for head and 
tail are at any rate approximately equal. 

Experience thus tends to verify the hypothesis of equal 
probability to which we are led on the subjective gi'ound 
that we know no reason to expect one result rather than 
the other. Eor when this is the case, we expect that these 
unknown conditions will in the long run make as often for 
one result as for the other, and, therefore, that the possible 
results win be realised with equal frequency. Of course 
this can never be exactly verified, as that would involve 
the examination of an infinite series of occuirences, which 
is impossible. To stop in a series of observations — e.g. of 
the throws of a penny — ^when the possible events have all 
happened an equal number of times, would obviously be 
to beg the question ; for a continuance of the series would, 
in all likelihood, show a divergence from equality. But 
as, in a long series, the approximation to equality is always 
fairly close, experience may be said to give as full con- 
firmation of the theory as the case permits. 

The calculation of probability is, nevertheless, not d^en- 
dent upon the actual experience of any series. ‘Tt is 
possible, not only when we have grotmds for believing 
the chances to be equal, but when we have no reason for 
assuming them to be unequal. In fact, our whole data 
is knowledge of the number of equivalent possible cases, 
and the absolute absence of any ground for preferring one 
rather than the-others. We may calculate the probability 
just as well when only one of the possible cases can be 
actually realised — e.g. one throw of a penny — as when we 
are dealing with a series in which all the alternatives will 
be actually realised an approximately equal number of 
times. 
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It is said sometimes that tlie idea of equally likely 
alternatives is based upon equality of belief in tbeir occur- 
rence, This is to make the question too entirely and 
individually subjective. The belief of any individual is 
influenced by many conditions, some of ivhich are generally 
more or less iirational and independent of any valid 
justification. Thus, belief in the possible occurrence of 
any event would vary with different individuals. But 
the probability does not vary with it. It is not, therefore, 
actual belief, but what ought to be believed, that is defined 
by probability. And what ought to be believed is but 
another name for rational expectation, that is, expectation 
based upon the proportion of available knowledge to ignor- 
ance. '^Probability is, therefore, a measure of knowledge, 
and so defines what ought to be believed, instead of being 
based upon what actually is believed. 

From what has been said, it is evident that the amount 
of probability is not affected by considerations of time. 
Whether the calculation refers to an event in the past or 
in the future, or to the truth of a universal proposition, is 
immaterial; it is in every case based on the same prin- 
ciples. Ho doubt most illustrations of the doctrine are 
drawn from games of chance, as such games exemplify the 
conditions in the simplest way, and these have generally a 
reference to future expectation. But our knowledge and 
ignorance may be combined with reference to a past event 
in the same way as to one in the future, and we must 
calculate the probability of the reality of that event on 
the same principles. Thus, the theory of probability is 
applicable to the credibility of testimony, as well as to the 
prediction of a future occurrence. Ho doubt, when an 
event has occurred, we can frequently get more exact 
dinowledge of it, and then, of course, the need for the 
calculation of its probability is, to that extent, removed ; 
but so long as ive do not know exactly what has happened, 
but only that one out of a certain number of alternatives 
has occurred, the appeal to probability remains. 

The distinction so frequently drawn between probability 
before and after the event is due partly to the neglect, of 
this consideration and partly to failure to make the alter- 
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natives equal in value. Thus, for example, it is extremely 
improbable that a hand at whist should consist entirely of 
trumps. Tet the probability of this is no less than that 
of any other one definite hand. It is its interesting 
chfiracter which draws special attention to it, and causes 
us to recognise how enormous are the odds against it. 
This we do not recognise in the case of other hands. If, 
then, a person told us he had held a hand of thirteen 
trumps the previous evening, we should probably feel more 
hesitation in believing him than if he told us he had held 
a hand consisting of certain definitely named cards. Tet 
the antecedent improbability would be no greater in the 
one case than in the other. Were the person, however, to 
claim that he had, previously to playing, written down the 
contents of a certain hand, and that he had actually been 
dealt that hand, we should probably hesitate to receive his 
statement just as much as if he told us he had been dealt 
thirteen trumps; for the previous defining of the hand 
would have made the odds against it as apparent as in the 
other case. 

When we hesitate to believe the statement of such co- 
incidences it is because we feel that the odds against the- 
occurrence were antecedently very great, and we balance 
that with the odds in favour of the credibility of the 
witness. If we do not doubt his credibility, we receive the 
statement in spite of its antecedent improbability, for to 
assume that the extremely improbable is impossible is to 
fall into a dangerous fallacy. The way in which we use 
our terms in discussing such a case shows that pj-obability 
and improbability are not opposed terms in the theory of 
probability ; improbability only means a veiy low degree 
of probability. It is, however, very vague in its reference ; 
so, in all calculations, the probability only is spoken of, and 
this may, of course, be very high or extremely low. 

(ii) Estimation of Probability. — ^The full exposition 
of the applications of the theory of probability would take 
us far beyond our province into the region of mathe- 
matics. We are here concerned only with the logical 
character of the theory, and we will pursue its develop- 
ments only so far as is necessary to show how it is based 
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upon various modes of combining disjunctive judgments, 
and deductive reasoning from those combinations. The 
primary difficulty always is to secure in each case a full 
statement of exhaustive, definite, exclusive, and equally 
likely, alternatives ; and it is in the determination of this 
that the mathematical doctrine of combinations and per- 
mutations is mainly appealed to. 

(a) Probability of Simple Events. If wo have to con- 
sider simply one set of alternative and co-ordinate possi- 
bilities, our data may bo expressed in the single disjunctive 
proposition A is cr, or or . . . . an, where _we have n 
alternatives fulfilliug the four conditions enumerated above. 
As there is no reason for preferring any one of these 
alternatives, the probability of each is equal. But as the 
alternatives are assumed to exhaust all possibilities, it is 
obvious that their sum must be equivalent to ceidainty, 
for we Imow A will be reabsed and are only ignorant as to 
which of the forms ... On that realisation will take. 
This certainty is most appropriately represented by unity. 
The probability of each of the n co-ordinate alternatives 
<7, a, . . . is, therefore, represented by the fraction l/?i. 
On the same lines, impossibility, i.e. the absence of any 
chance of realising A in any -form, would be represented 
by ojn, i.e. by zero. 

Now, if there are n possibilities, the chances against the 
realisation of any particular one ai-e obviously n — J ; for 
the sum of the chances for and against must be the total 
number of chances as njn = 1. This is expressed by 
saying the odds against any one particular case are n — 1 
to 1. Now, if a number of similar but distinct possi- 
bilities are massed together as one alternative, that alter- 
native must be given its time value. For example, if there 
are n balls in an urn, of which one is white and the rest 
black, then the chance of drawing black is {n — 1) times 
that of drawing white, and the probabilities are not equal, 
but are represented by Ijn for white, and (ii — 7)/» for 
black. 

(5) Probability of Compound Events. By a compound 
event is meant one in which two or more simple events 
occur'in connexion with each other. The logical basis of 
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the probability of such an event ■v\-ill, tlicroforc, bo found 
in tbo combination of favo or more disjuuclivo judgments, 
fulfilling tbo conditions enumerated above. The greatest 
care must be taken in the statement of the altcrnritives to 
make them both exclusive and exhaustive. 

(1) Independent Events. If wo have two iudopendent 
disjunctive judgments, i.c. judgments whoso predieates are 
neither necessarily connected, nor necessarily incoinpatiblo, 
with each other — 

/ is either v or tv 
A is either x or y or z, 

then by combining them wo got the judgment 

A is cither vx or uy or uz or wx or wy or wz. 

Similarly, if the disjunctive propositions are also hvpo- 
thetic<al — 

If S is a, it is either v or tv 
If S is b, it is either x or y or z, 

ffien the combmafion wi'fi’ give 

If S is both a and b, it is either vx or vy or vz or tvx or ivy 
or wz. 

In each case the number of alternatives in the joint 
proposition is the product of the munber of those in the 
single propositions, and as a result, the probability* of the 
joint event is equal to the product of the probabilities of 
the simple events which it embraces. Thus, in the above 
symbolic examples, the probability of u is 1/2, and Uiat of 
X is 1/3, whilst the probability of vx is 1/G.i Generally, if 
the probability of an event, /^, is Ifn, and the probability 
of another event, B, is 1/j;, tiien the probability that A and 
B will both occur is limn. ''But, ns the direct basis of the 
joint probability is a single disjunctive proposition, the 
distinction between single and compound events is seen to 
be somewhat arbitrary, and to be nothing more than a dis- 
tinction between two ways of regarding an occuri'euce. 

As an example we will take the following simple case. 
Let there be two urns each containing three balls, ef which 
two are white and one is black. What is the probability 
of drawing a black ball from each ? It might seeui at first 
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sight as i£ tlio two drawings give only four alternatives, 
viz. wiv, wb, biv, bb, where w and b denote white and hlaclc 
respectively. But this is to neglect the fact that there are 
twice as many white as there are black balls; in other 
woi’ds, the alternatives are not of equal value. If we 
symbolise the contents of the first box as /y„ w^, by and that 
of the second as w^, Wy b^ we then have the separate dis- 
junctives, in which this objection is reriioved — 

/ is either tUj or or 6j 

B is cither or lu^ or 60 

Then the combined disjunctive is 

A B is either w^iu^ or lU^iUi or lu^bo or or lu^iUi or luJj^ or 

biiu^ or biWi or bib^ 

where the number of alternatives is seen to be nine, only 
one of which is bb, and, consequently, the probability of 
drawing two black balls is 1/9, which is in accordance with 
the general rule given above. If we examine the other 
alternatives in the final proposition we see that there are 
four cases of two white balls ; therefore, the probability of 
drawing a white ball both times is 4/9. This is also in 
accordance with the general formula ; for the probability 
of white in each case separately is 2/3, and, therefore, the 
probability of white in both cases is 2/3 x 2/3 = 4/9. 
Lastly, as the probability of wliite is in each case 2/3, and 
that of black is 1/3, so 2/9 is the probability both tliat the 
dra'wings will give first white and then black, and that 
they will yield first black and then white ; this is shown 
to be true by the fact that the final proposition yields two 
cases in which white is followed by black and two cases in 
which black is followed by white. The sum of these pro- 
babilities is, of course, unity, as one of the alternatives 
must occur. The general principle is thus illustrated at 
every point. 

A similar example is found in the throwing of dice. If 
one die is thrown the probability that it will fall with the 
side bearing six pips uppermost is 1/6, as the die has six 
sides, and the probability of being uppermost is equal for 
them all. If a second die is thrown, the probability that 
in that throw six will be uppermost is also 1/6; con- 
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Ecquontlj", tlio protabilifc}’ that six will ho thrown in each 
of two throws is 1/6 X 1/6 = 1/36. In this case, it is 
obviously imiuaterial whether two dice aro thrown simul- 
taneously or whether the same die is thrown twice suc- 
cessively. So in the former example, whether the two 
drawings aro made from two urns each of which contains 
two white halls and one black one, or successively from 
one of those urns, makes no difference, so long as the con- 
stitution of the one urn is kept constant by returning after 
the first drawing the ball which had been drawn. This 
again illustrates the fact that the distinction between 
simple and compound events is an artificial one. 

(2) Dependent Events. This loads us to the case in 
which the events arc not independent. This, however, in 
no way differs in principle from the one wo have just con- 
sidered, though still greater care is required in stating the 
alternatives. The case, stated generally, is when the 
second event depends in some way on the first, so that 
the probability of the realisation of the second is modified 
by the occuiTenco or non-occurrence of the first. 

Perhaps, this will be best understood if wo begin with 
the examination of an example. Starting, then, with the 
same supposition as before, of an um containing three 
balls, two of which aro white and one is black, wo will ask 
what is the probability of drawing white twice in suces- 
sion, if the ball extracted at the first drawing is not 
returned? In this case the constitution of the box is 
obviously different at the second drawing from what it 
was <at the first, and the probability of the second drawing 
yielding white depends upon the result of the first draw- 
ing. If black is drawn the first time, for example, nothing 
but white balls remain in the urn, and the second draw- 
ing must, therefore, certainly yield white. Whilst, if 
w’hite is drawn the first time, there remain only one white 
and one black ball in the ui'u, and the chance of drawing 
white at the second draw is, in that case, 1/2. This last 
case is the only one which concerns us ; as in the former, 
the first drawing yielding black obviously makes it impos- 
sible to get ■(vhite at both the first two drawings. The two 
consecutive drawings from the same um are, therefore, 
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identical witli a simultaneous drawing from two urns, one 
of wliicli contains two white balls and one black ball, and 
the other contains one white and one black ball. The 
disjunctions may, therefore, be written — 

A is either or Wn or by 
B is either 1O3 or 

where represents in the case of the single urn which- 
ever of the white balls, tv, or iv^, is not extracted at the 
fii'st drawing. Combining these we have 

/ B is either 10,10^ or Wyb^ or or tVot, or biW^ or 6163 

and there are seen to be six alternatives, including two 
cases in which two white balls are drawn. The probability 
of this drawing is, therefore, 2/6 = 1/3. Similaidy the 
probability of drawing two black balls is seen to be 1/6. 
The same result is reached if we reason in this way — The 
chance of drawing white the first time is 2/3. But only if 
white is drawn the first time is the second di’awing pro- 
ceeded with. Hence the probability of the second draw- 
ing taking place at aU is 2/3, and the probability of that 
drawing yielding white is 1/2, as it is made when the urn 
contains only one white and one black ball. Hence, the 
probability of a second white ball being drawn is 2/3 
X 1/2 = 1/3. 

A similar example is the enquiry into the probability 
that if a penny is tossed up three times, head will fall 
uppermost each time. The probability that head will 
appear at the first throw is 1/2, as head and tail are the 
only two alternatives. The probability of the second toss 
taking place is, therefore, 1/2, and the probability of its 
yielding head is 1/2. The probability of two consecutive 
heads is, therefore, 1/4. But only when this is secured 
does the third throw take place ; the probabihty of there 
being a third throw is, therefore, 1/4, and the probability 
that it will give heads is 1/2. Therefore, the probability 
of three consecutive heads is 1/8. The original disjvmc- 
tions are — 

A is either h, or tx 
B is either /;, or to 
C is either or ts 
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and the coBihination is 

ABO is either hihJh or or hit^h^ or /iifita or fiAj/fa or 

or t-fzhz or 

where it is seen that only one case out of eight secures 
three heads. 

Thus, the probability of the conjoined event is seen to 
be in this, as in the former case, the product of the pro- 
babilities of the separate events, and this is found to hold 
both when one event is contingent upon the occurrence of 
another, and when the separate events are independent. 
The results are different in the two cases, because in the 
former the number of possibilities of the second event is 
changed by the occurrence of the first event. But the 
general formula given in the last section (page 459) — If 
the probability of A is l/w and the probability of B is 
Ijn, then the probability is Ijmn — ^holds in every case. 

(3) Events which can happen in a Pluralihj of Ways. 
When we have obtained a correct statement of alternatives 
fulfilling the conditions of exhaustiveness, definiteness, 
exclusiveness, and equal likelihood, we sometimes find that 
several of them are followed by the same consequent. 
For example 

S is either a or b or c, 

If S is a it is X, 

If S is b it is X, 

If S iso it is y. 

Here it is obvious that the result is that S is either x or y, 
but that the probabihty of x is tivice as great as that of y, 
as X will occur both when a is realised and when b is 
realised, and the probability of both a and b is seen, from 
the original proposition, to be 1/3. Hence, the probability 
of X is 2/3. If in the original disjunction the probability 
of a had been 1/2 — i.e. if the proposition when accurately 
stated ran S is either a or a or b or c — then the probability 
of X would, on the conditions ' given in the hypothetical 
propositions above, be 3/4. Thus to put the matter gene- 
rally : When several distinct and exclusive conditions have’ 
the same consequence, the probability of that consequence 
is the sum of the probabilities of those conditions. This, 
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it ■will be seen, is not a new principle, but a simple deduction 
from the conditions ■wbicb a set of alternatives must satisfy 
in order to form a basis for tbe calculation of probability. 

As a simple example, we "will ask wbat is tbe probability 
that bead will come uppermost in one or other of two 
throws of a penny. Here there are four alternatives in 
the original disjunctive proposition. The throws are either 
lih or ht or tli or tt, and any one of three of these secures 
a head. Of course in the first case, when head is once 
secured the second throw would not be made ; but the 
case must not be omitted, as there are two' possible 
sequences in which head comes first. This is seen quite 
clearly when it is remembered that two consecutive throws 
of the same coin and the simultaneous tossing of two coins 
are identical as a basis for computing probability. We 
reach the same result by a line of reasoning similar to that 
we appealed to in the last case [see (2)]. The chance of 
getting head at each toss is 1/2 ; but the second toss is 
contingent on the failure of the first to give heads ; the 
probability of the toss itself is, therefore, 1/2, and conse- 
quently the probability of its giving heads is 1/2 x 1/2 = 
1/4. Hence, the total probability of getting heads in one 
or other of two tosses is 1/2 1/4 = 3/4. 

For another illustration we will take the probability 
that a throw of two dice will yield a certain definite num- 
ber of pips, say seven, irrespective of how that number is 
divided between the faces of the two dice. Our original 
disjunction here consists of thirty-six alternatives ; each of 
which is a condition fulfilled in one throw, and yielding a 
particular consequence. Upon examining them, we find 
that the number seven results from six of these alterna- 
tives, as it may be composed of 4 -t- 3, 5 2, or 6-1-1, 

and each of these may occur in two ways, according as the 
larger number appears on the first or the second die. The 
probability of seven being thrown is, therefore, 6/36 = 
1/6. Similarly, the probability that each die will throw 
the same number of pips is 1/6, as there are obviously six 
possible cases in which a pair of numbers can be shown. 

(c) Probability of Alternative Conditions. We will now 
consider -what is often called “ inverse ” probability, which 
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stands in tlie like relation to the d.irect probability we 
have been hitherto dealing with as induction does to 
deduction. As the same principles of reasoning govern 
both those methods of inference, so here we shall find no 
new principles. The problem is — given that a certain event 
has happened, to which of a certain number of- alternative 
causes or essential conditions is it probably due, each being 
conceived possible ? Tliis is the pi'oblem that has to bo 
solved in endeavouring to reach the true magnitude of a 
phenomenon from more or less inaccurate measurements. 

The problem, obviously, presents more practical diffi- 
culties in its solution than do those we have already dealt 
with, as we have often no certainty that wo have correctly 
stated the alternatives. But the principle on which we 
proceed is the simple one that the condition from which 
the actual event would most probably follow is most pro- 
bably the condition from which it actually did follow. 
We have, then, to take account of two probabilities — 

(1) that the assumed condition was actually existent, and 

(2) that the event would follow from it if it were present ; 
the pi'obability of the condition is then the product of 
these two probabilities. This is seen to be only the 
inverse mode of stating the direct probability of a com- 
pound event. 

To take a simple example. An urn is known to contain 
three balls but we are ignorant of their colour, and after 
each drawing the ball drawn is returned to the um. 
If one white ball is drawn we have no reason to conclude 
anything about the possibility of drawing or not drawing 
a ball of another colour. If the next drawing gives a 
black ball we have two alternatives, but we are not certain 
that they are exhaustive of all the possibilities. If, how- 
ever, we continue drawing and get nothing but white and 
black balls, the probability that there are no balls of any 
other colour present becomes rapidly stronger. If, for 
instance, the um contains one, and only one, red ball, the 
probability that that ball would not be drawn at any one 
drawing is 2/3. The probability, therefore, that it would 
not emerge in four drawings is only 2/3 X 2/3 X 2/3 X 2/3 
= 16/81, whilst that it should not appear in eight draw- 
I. L. 30 
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ings is only 273® wliicli is less tlian 1/25, and with every 
drawing this probability decreases. On the other hand, 
if the nrn contains only white and black balls, the result 
obtained would be a necessity. This assumption is, con- 
sequently, by far the more likely. 

As a slightly more complex example, we will assume it 
known that the urn contains three balls which are known 
to be either white or black, and we will estimate the pro- 
bability of the various possible proportions of white and 
black balls in the urn. Before the drawings commence 
there are four possible alteimatives — www, wwb, wbb, 666, 
The probability of each alternative is, therefore, 1/4, and 
that of any one particular baU is 1/3 x 1/4 = 1/12. The 
case is, indeed, the same as having twelve balls — six white 
and six black — to draw from. The first drawing, however, 
giving a white ball, the alternatives are reduced to three, 
666 being put out of court. We then consider the relative 
probability of the remaining alternatives. 

As there are six ways in which w can be drawn, the pro- 
bability for each individual white ball is 1/6. The pro- 
bability, therefore, that the white ball actually drawn 
came from www is 3/6 = 1/2 ; that it came from wwb is 
2/6 = 1/3, and that it came from wwb is 1/6. The most 
probable alternative, therefore, at the end of the first 
di’awing is www. If, however, the second drawing gives a 
black ball, www is proved to be impossible, and the alter- 
natives are reduced to wwb, and wbb. And so far, there is 
no reason to prefer one to the other. If, however, the next 
drawing is w, so that in three drawings w appears twice and 
6 only once, the alternative wwb is the more probable. For 
assuming wwb to be real, the probability of w is at each 
drawing 2/3 aud that of 6 is 1/3. Hence, the probability 
of getting a single combination giving w twice and 6 once 
is 2/3 X 2/3 X 1/3 = 4/27. But this combination may be 
drawn in three difierent orders, viz. wwb, wbw, bww. 
Therefore the total probability of getting one of these 
three orders is the sum of them all, and as each is 4/27 the 
sum is 3(4/27) = 4/9. On the other hand, on the suppo- 
sition of wbb, the probability of getting w twice and 6 once 
is 2/3 X 1/3 X 1/3 = 2/27. TWs may also happen in 
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three ways, aud, therefore, its total probability is 3(2/27) 
= 2/9. Thus the odds in favour of the first hypothesis 
are 2 to 1, and its probability is, therefore, 2/3. 

As another example we will take a case of the probability 
of testimony. Suppose that two witnesses, the probability 
of whose accuracy is 3/4 and 2/3 respectively, agree in 
affirming the occurrence of an event which in itself is as 
likely to have happened as not to have happened; i.e. 
whose antecedent probability is 1/2. What is the proba- 
bility that the event really did happen ? There are two 
possible and equally likely antecedents — that the event did 
happen, and that it did not happen. On the hypothesis 
that it did happen the probability of both witnesses stating 
that it did is the probability of their both telling the truth, 
i.e. 3/4 X 2/3 = 6/12. On the hypothesis that it did not 
happen, the probability that both witnesses should assert 
that it did is that of their both speaking falsely, i.e. 
1/4 X 1/3 = 1/12. The odds are, therefore, 6 to 1 that 
the event did happen ; i.e. the probability that it really 
occurred is 6/7. 

(d) Prolalility of the Recurrence of an Event} If 
we know nothing whatever of the conditions of an 
event, but only that it has occurred, we may estimate the 
probability that it will occur again. At first sight it 
might seem that the chance of its occumng again under 
the same conditions is exactly equal to that of its not 
recurring; i.e. that for every occurrence the probability 
would be 1/2. But this would lead to the paradoxical 
result that continued repetition of an event gives us no 
grounds for expecting it to occur again, and so that even 
infinite uncontradicted experience of the occurrence would 
not increase our rational expectation that it should occur 
again. It is, however, a miscalculation, as it overlooks 
the fact that continued occurrence testifies to the per- 
sistence of the conditions which produce the event, and 
even though we do not know what those conditions are, 
yet as evidence of their existence increases, we are justified in 

1 The solution of this problem is that given by Lotze, Logic, 
§ 2S2 (o). 



468 QUANTITATIVE eEtEemination. [ch. 38 

expecting more and more strongly their continued existence. 

We must, therefore, take account of all the times the 
event has occurred, and in stating our original alternatives 
each of these must count as one. For instance, if an event 
has happened once, that is one reason for expecting its 
recurrence. But if we put that on one side for the 
moment, the chances for its occurrence again would he 
equal. There are, therefore, two reasons to expect its 
recurrence and only one for expecting it not to happen 
again. The odds for its recurrence are, consequently, 2 
to 1 and the probability of the event happening again is 
2/3. So, generally, if an event has happened m times, 
that gives m alternatives in the original disjunction ; the 
possibilities that it may occur again and that it may not 
do so, add 2 more. Consequently, the total number of 
alteimatives is m + 2 of which m + 1 are favourable. The 
probability that the event will occur once more is, there- 
fore, (m 4-l)/(j)i -f 2). For instance, if the sun has risen 
daily for five thousand years, the probability that it will 
do so once more is 1,826,214/1,826,215. 

It is thus evident that with continued imcontradicted 
experience, the probability of a single repetition of the event 
rises very high indeed, and that it increases with the 
growth of such experience ; the larger the value of m, the 
nearer the probability approaches to certainty. But this 
probability rests on the assumption that continued experi- 
ence testifies to the persistence of the conditions which 
produce the event, and this assumption is itself only 
probable. The formula, therefore, measures the prob- 
ability of the recurrence of the event only indirectly: it 
directly measures the probability of this probability. 

It will be seen that this calculation of probability is 
the true basis of induction by simple enumeration. The 
formula shows that with wide and uncontradicted experi- 
ence the probability that an empirical law which sum- 
marises that experience will hold good in one more case 
is very high. But it also shows that extension of it 
beyond the realm of actual experience becomes increasingly 
uncertain with increase in the width of that extension. 
For, if the formula is written to show the probabihty that 
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an event wliicli has occuiTed m times vrill happen 71 time? 
more, it becomes {jn + l)/(77) 4-71 + 1) ; for m + 2 in the 
original formula = 7)i + 1 + 1, where 1 is the number of 
new cases, i.c. n — which obviously decreases in value as 71 
is increased. 

Again, another modification of it shows how the actual 
experience of the failure of the event weakens the proba- 
bility of its recurrence. For if an event has occurred m 
times and failed to occur n times under circumstances 
where it might have been expected to happen, then there 
are already vi + n cases ; the possibilities that it may or 
may not occur again add 2 more, and thus, the probability 
for its recurrence is (in + l)J(vi + 71 + 2), which decreases 
as 71 increases. In this case, the extension to p more cases 
becomes stiU more hazardous, as its formula is (m + 1)/ 
(771 + 71 + p + 1), where (in + 71) in tho denominator 
corresponds to in in tho original formula, as it expresses 
the total number of observed cases, and p corresponds 
to 71 as expressing tho number of unobserved cases, tho 
probability of whose occurrence it is desired to estimate. 

3. IMetliods of determining Magnitude. — As different 
measurements of tho same phenomenon vary, tho ascer- 
tainment of the true magnitude is an inductive problem 
which can only bo solved with a high degree of probable 
approximation. Wo have to decide what assumption as 
to the true magnitude will lead with the greatest pro- 
bability to the values actually obtained, on certain hypo- 
theses as to the character and mode of action of the 
unknown conditions to which the errors are due. "We 
have the permanent cause which yields the true magnitude, 
and in addition an indefinite number of interfering con- 
ditions, more or less insignificant in amount, of whoso 
number and influence we are ignorant. The question is — 
What assumptions are we justified in making with regal'd 
to these conditions; and, as a consequence of those assump- 
tions, what practical methods are open to us of correcting 
our observations of magnitude ? 

(i) The Method of Means. — Wlien we have different 
results from several measurements of the same pheno- 
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menon, Tve know tliat all but one must be, and all may be, 
erroneous. As tbe number of measurements is increased, 
the probability of any particular one being exactly right 
gets less and less, and may, therefore, in our discussion, 
be left out of account. If then we have two different 
measurements, four alternatives are open to us — either 
both are too lax-ge, or both are too small, or either one is 
too large and the other one too small. If we are x-eally 
entirely ignorant of any conditions likely to influence the 
result one way or the other, these alternatives are equally 
probable. If, however, the measm-ements are made with 
different instrimxents which have not the same degree of 
precision, or if one is made by a method more likely to 
yield accurate results than that used in the other case, we 
should prefer the measurement made -under the con- 
ditions most likely to yield an accurate result. “Any 
method of measurement which we know to avoid a source 
of error is far to be preferred to others which trust to 
probabilities for the elimination of the eiror. As Flam- 
steed says : ‘ One good instrument is of as much worth 
as a hundred indifferent ones.’ But no methods or in- 
struments give invariable and absolutely truthful results, 
though in all scientific work the methods are so well 
considered and so carefully employed, and the instruments 
ai'e so delicate and precise, that we may regard the occur- 
rence of any considerable eiror as a practical impossibility, 
and may assume that the larger a possible error is, the less 
is its chance of occuiTence. 

If, then, we assume that the two measurements, A and B, 
were made by methods and -with instruments equally likely 
to give an accui'ate result, and if we are absolutely ignorant 
of any ground forprefeiring one meas-urement to the other 
— that is, for expecting one kind of eia-or rather than 
another — ^we are justified in assximing that in eacZx measure- 
ment it is equally pi’obable that the result obtained is too 
large or too small. From this it follows that the proba- 
bility either that both measurements are too large or that 
both are too small is 1/4, while the probability that one 

1 Jevons, Principles of Science, p. 391. 
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is too largo and ono too small is 1/2. Tims tlio true 
magnitude most probably lies -within the limits of A 
and B. 

The same result is obtained from the hypothesis that 
small errors are more probable than large, for it -n-ould 
follow from this that tlio most probable magnitude is that 
•which gives the least sum of errors. But if tho true 
magnitude is between A and B tho sum of tho errors is 
A ~ B, while if it exceeds /I, or is less than 5, by n, the 
sum of the errors of tho two measurements is >1 — B + 2n. 
As tho number of measurements is increased, tho proba- 
bility that the truo magnitude lies within tho e:ttremcs 
rapidly increases. For example, if wo have six measure- 
ments, the probability either that all of them are too large 
or that all of them aro too small may bo calculated by tho 
mathematical theory of probability to bo only 1/64, while 
the probability that tho true magnitude lies between tho 
extreme measurements is 62/64. Tho odds are, therefore, 
31 to 1 in favour of that hypothesis. 

The question now arises as to what intormediato -value is 
the most probable. Tho mathematical assumption is that 
the number of causes of error is indefinitely large, while 
the influence of each is indefinitely small, and that each is 
equally likely to be operative in increasing or in decreasing 
the result. Under these conditions, tho arithmetical mean 
— i.e. (« + &+•... k)/r — of a number of measurements 
of the same phenomenon is most probably the true magni- 
tude ; for the errors so caused -will balance each other, tho 
sum of the positive and that of tho negative deviations 
being equal. 

When, however, as happens in a few cases, sodjo con- 
dition is kno-wn to be operative which varies ^ the square 
of the distance, the geometrical mean — i.e. \/ ah — gives the 
more accurate resrdt. For example, if the truo weight of 
an object is sought by weighing it successively in the two 
scales of an imperfect balance, as gravity is an operative 
condition, the true result will be the geometrical niean of 
the result, though as, in small numbers, this differs but 
little from the arithmetical mean, the latter is general!}' 
taken as more easily calculated. ■ > 
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The arithmetical mean of the actual results of measure- 
ments is, then, the true magnitude — or the most probable 
approximation to that magnitude — in the great majority 
of cases "when Tve are dealing Tvith a single phenomenon. 
The errors in such measurements are related to each other 
as simply more or less in one fixed direction, and may be 
graphically represented by setting oS on a straight line, on 
the two sides of a zero point which indicates the true 
magnitude — that is, no error — divisions which ai'e pro- 
portional respectively to the positive and negative errors 
involved in the actual measurements, 

(ii) Method of Least Sq,Tiares. — But when we are 
dealing -with compound magnitudes, in which two or more 
quantities are dependent on each other, the method of 
taldng the arithmetical mean is no longer available. 
This case may be spatially represented by the deviations 
from the bull’s eye of the shots on a target. The devia- 
tions are in all directions, but each can be resolved into 
a vertical deviation and a horizontal deviation. The grapliic 
representation of each such resolution is a right-angled 
triangle, in which the actual de^dation is the hypotenuse ; 
and the square on this equals the sum of the squares on 
the lines which represent its resolution into vertical and 
horizontal deviations. When the total deviations are 
measured, the sum of their squares — on the supposition 
that the sum of the horizontal variations on the one side 
cancel those on the other, and that the vertical deviations 
neutralise each other in like manner — ^is easily shown by a 
geometrical construction to be the least possible. 

The proof of the method of least squares involves an 
appeal to mathematics which would be out of 'place here. 
Its principle is : That magnitude is the most probable, 
whose assumption makes the sum of the squares of the 
errors of the actual measm-ements the least possible. It 
is an extension of the method of means, in that it indicates 
the most probable mean in cases which involve a plurality 
of arithmetical means. When we are dealing with only 
one magnitude the finding of the arithmetical mean gives 
the same result as the application of the method of least 
squares, of which it is but a particular case. And it 
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■will be seen that this inelliod sboivs the real agreement 
of the result obtained -anth the assumption that, as largo 
errors are less probable than small, that result is most 
probable -ivliicb gives the least possible sum of errors. 

If ■wo talce three measurements of a single phenomenon 
and. obtain three values, the intermediate one ■v\-ill alwaj-s 
give the least sum of simple errors, whether it is the arith- 
metical mean or not. For if a, 6, c bo the three results the 
sum of errors involved in assuming b to bo the true 
magnitude is — supposing them to be given in descending 
magnitude— (a- 6) + (6- c)=n—c. But if the arithmetical 
average does not coincide with 6 but deviates from it by 
say n, then the sum of errors is a-c+n. For example, if 
our measurements are 15, 11, 10; then assuming 11 to bo 
the true magnitude, the sum of errors is 4 -f 1 =: 5 ; while 
12, which is the arithmetical mean, gives 3-l-l-}-2 = 6as 
the sum of en-ors. 

The same thing holds generally — the least sum of errors 
is obtained when the middle one of a series of measure- 
ments is taken as the true magnitude, if the series consists 
of an odd number of measurements ; while if it consists 
of an even number, either of the two middle results, or a 
result intermediate between them, will peld the same, and 
that the least, sum of errors. But if wo assume that the 
sum of the squares of the errors is to bo the least possible, 
we find that this condition is fulfilled by the arithmetical 
mean alone. For example, on the supposition taken 
above, where the measurements were 15, 11, 10, if wo 
assume 11 as the true magnitude, the sum of the squares 
of the errors is 17 ; but if wo assume 12, the arithme- 
tical mean, as the true magnitude the sum of the squares 
of the en-ors is only 14 ; and every other supposition viU 
necessarily give a larger sum of squares of errors. 

The method of least squares is, then, the most general 
mode of finding the true magnitude from a number of 
divergent measurements; but when these measurements 
involve one magnitude only, the simplest mode of applying 
the method is to take the arithmetical mean. 
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SCIENTIFIC EXPLANATION. 

1. Hatxu'e of Ei^planation. — ^Explanation is called for 
as frequently in common life as in science. In both, it 
consists essentially in showing how the fact to be explained 
follows from some other fact or principle admitted to be 
true. It has, therefore, many degrees. The extent of the 
explanation offered in any given case will depend partly 
upon the knowledge of the individual to whom it is ad- 
dressed, and partly upon the progress of knowledge as a 
whole at any particular time. Eor the kind of dependence 
which will suffice to account for a fact to one mind will be 
rejected as futile or inadequate by another. The plain 
man attributes a chill on the liver to tbe cold winds that 
have blown, and offers as the only explanation within his 
reach the observation that ‘they always do affect me in 
that way.’ This is not enough for the doctor, who seeks 
for reasons why the cold should affect the liver at all, and 
finds them in his general knowledge of the functions of 
that organ in relation to the rest of the body and in the 
effect of cold upon them. His explanation takes a wider 
range, but he too may come to a point where he is stopped 
by the demand for a reason which has not yet been found. 
How almost any kind of explanation may be of use to this 
or that individual, but logic is concerned only with the 
general nature of explanation, and this consists in assign- 
ing any given fact a place in the system of knowledge by 
establishing its relations with other facts within the 
system. 

We must, then, distinguish between logical explanation 
and explanation which is merely popular. The latter 
looks at the individual mind, and seeks to bring the new 
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plienomcuon into relation rritli something already tliere. 
In many cases such explanation -mil ho utterly inadequate 
from the scientific point of view. It may bo merely a 
lougli analogy or illustration, as is constantly the case 
u'itii the only explanations which can bo given to children. 
Logical explanation, on tho other hand, does not regard tho 
individual mind as such, though, of course, it is reached 
and expressed by some individual mind. It expresses tho 
explanation in terms of tho most advanced Icnowledgo on 
the subject, and is itself, when first grasped, an addition 
to Icnowlcdge. Thus tho moon’s motion is logically ex- 
plained by tho theory of gravitation; it is popularly 
explained by saying that “ sho is a falling body, only she 
is going so fast and is so far off that she falls quite round 
to tho other side of tho earth, instead of hitting it; and so 
goes on for ever.” ‘ 

Scientific explanation is only possible on tho assumption 
that every fact is determined by certain conditions, so that 
if the conditions wore otheru-iso tho fact would bo different. 
Explanation is tho full and explicit statement of those 
conditions. Logically, the whole fact needs explanation, 
and obtains it to tho extent to which its place can bo 
assigned in a system of Icnowlcdge. Practically, when any 
particular point needs explanation it is one aspect of tho 
whole complex phenomenon. Tho chemist, for example, 
seelcs chemical explanations: tho physicist aims at deter- 
mining the physical conditions. Tho rest of tho pheno- 
mena are passed over as having no bearing on the purpose 
in hand. 

The problem is approached through classification*: but 
classification is not explanation though it may bo nearly 
related to it. Suppose that tho attempt to classify on the 
principle of modification through descent has been success- 
ful, we have still to ask why the course of descent has been 
of one kind rather than of another. There must be some 
ground for the development of diverse species from one 
genus. Glassification reveals the fact by carefully noting 
important resemblances and differences, and then leaves it. 


> Clifford, Lectures and Essays, p. 102. ’ Of. pp. 81-83; 80-89. 



476 


BCIENTIFIC EXPLANATION. 


[CH, 34 

But the very resemblances and differences revealed may 
suggest the Erections in -which the reasons for them should 
be sought. Eesemblance “presumes identity of causa- 
tion and difference demands explanation. Thus there is 
an important distinction between classification and expla- 
nation however closely they may be related. “In classi- 
fying we describe what is ; in explaining, what must be, 
and why it must be,”* 

Indeed, necessaiy relation is the kejmote of explanation. 
It is never thoroughly made unless the facts to be explained 
are proved to be absolutely dependent on certain definite 
conditions. The form in which such dependence is ideally 
best expressed is that of the reciprocal hypothetical pro- 
positions — If S is M it is P] If S is P it is M. These it is 
the business of induction to establish, so that the ideal of 
explanation is the same as that of induction. 

Indeed all induction is progressive explanation. It may 
be incomplete, as when we resort to analogy or a hypo- 
thesis as yet unconfirmed, or rest content with a simple 
causal connexion. hTevertheless in each case we have a 
partial explanation, through which alone science can ad- 
vance to more perfect knowledge. But not every expla- 
nation is inductive in fonn. When the relations to which 
we appeal as the necessary conditions of the phenomenon 
to be explained are axiomatic, or have already been estab- 
lished as true, we may often show deductively the depend- 
ence of the one on the other. This is so in mathematics 
and in sciences, such as astronomy, which are largely 
mathematical. Moreover, the statement of an explanation 
arrived at inductively may be expressed in deductive form. 
With these distinctions we are already famihar. 

But whether the principles on which scientific explana- 
tion rests are ah-eady estabbshed or not is logically imma- 
terial. They may become known in the very process of 
explanation. This is exemplified again and again in induc- 
tion. The wave theory of light began as an -unproved 
assumption. By means of it the particular phenomena of 
light were explained, and in the explanation was found 

^ Hothouse, Theory of Knowledge, p. 473. * Ibid. 
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tlie proof of the truth of the theory. Here is a further 
difference from popular explanation. “Nothing is popu- 
larly accepted as an explanation in the Tray of analysis or 
interposition, unless the laws thus introduced are already 
known and accepted. The scientific man, however, does 
not much care whether these laws are already IcnouTi or 
not: if they are, so much the better: if not, they must 
become known. For speculative purposes they equally in 
either case help him on towards that simplification of 
natm'e and reduction of all things to the fewest generalisa- 
tions, which is his one great aim.”' 

2. Generalisation. — All explanation involves generalisa- 
tion: it seeks to detect the universal in the particular. 
The particular may be a particular fact or an empirical 
law. A particular fact can be shown to be dependent on 
some other facts, and by the direct methods of induction 
it is often possible to establish the mode of dependence 
and to express it in an empirical law. So far there is 
partial explanation. But an empiidcal law only describes 
the phenomenon, and is itself in need of explanation. 
Now an empirical law is already a generalisation, and any 
further explanation must be sought in the establishment, 
by the indirect methods of induction, of its connexion with 
other laws of wider generality. 

Thus the explanation of an empirical law frequently 
consists in the proof of one of those far-reaching state- 
ments of necessary relation, such as the law of gravitation, 
the principle of the conservation of energy, or the atomic 
theory of matter, by which the systematic unity of the 
world is constituted. To explain, in short, in the fullest 
sense of the word is to think the matter explained as part 
of a system.'' 

Whether we are explaining a particular fact or an em- 
pirical law there is no real difference in aim. In each case 
we endeavour to assign the essential and invariable con- 
ditions which account for the fact or law in question. 
WTien this has been accomplished we have passed beyond 


' Venn, Empirical Logic, p. 609. 


2 Cf. Ch. I., § 1. 
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tlie particular ; for in stating the essential conditions we 
imply that wherever they are fulfilled the fact or law will 
be exemphfied, though no particular instance is indicated. 
The fact or law has been generalised. 

Greneralisation, then, consists in the establishment of 
identity of conditions. The phenomena generalised will 
exhibit differences which may be great or small, but they 
must be exactly similar in other respects if they are to 
rank as instances of the same thing. But there may be 
similarity which is of no importance for scientific ex- 
planation, as when two things diverse in other respects 
resemble each other in colour.^ Besemblances and con- 
ditions are terms of different import. The former may or 
may not serve as a basis for scientific generalisation : it 
depends on whether they d.o, or d.o not, stand in a necessary 
relation to the phenomena compared. If they do, then the 
resemblances are also conditions, and it is on a precise 
Bunilarity between them that generalisation is based. 

Such generalisation is not an inference from number of 
instances as such. “There is all the d.ifference in the 
world between the judgment, ‘ An indefinite number of 
cases ot A — B exist ’ and. ‘The relation A — B is universal.’ 
In the first case, we may also have A — G, A — D, A — N. 
In the second, we may have none of those, but always 
A — B, and nothing but A — 5.” ^ The mere repetition of 
instances does not justify the passage from ‘ many ’ to 
‘ all.’ The transition can never be made with certainty : 
the conclusion always remains one of greater or less 
probability. But as soon as the instances are analysed 
and the essential conditions ascertained, the generahsation 
that these conditions universally detei-mine the result is 
made, and is expressed in the hypothetical judgment. If S 
is M it is P Subsequent confirmatory experience may 
strengthen our belief that the analysis has been correctly 
made, but it does not add to the necessary conditions 
Imown. Indeed knowledge of them may, in very favour- 
able cases, be attained by the careful examination of a 
single instance, though as a rule a plui’ality of instances 

' Cf. below, pp. 479-481. * Hobhouse, Theory of Knowledge, p. 241. 
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facilitates the diiEcult task of analysis, not in virtue of 
the plurality, but by aiding the effectual isolation of the 
conditions sought. The validity of the generalisation 
rests, then, not on the number of instances examined, but 
upon the fundamental postulate of knowledge that evei'y 
element of reality is defimtely determined, and that always 
in the same way, so that the relation between a phenomenon 
and its conditions cannot vary. Without this assumption 
generalisation would be unjustified. 

In all valid generalisation, then, we attempt to set forth 
a necessary relation between a phenomenon and its con- 
ditions ; and by neoessaiy we simply mean that given the 
conditions the phenomenon will exist whatever the cir- 
cumstances may be. But this is a purely abstract state- 
ment. We desire to know, not only that under certain 
conditions a given result will follow, but whether in fact 
those conditions are exemplified in reality. It is not 
enough to know that If S is M it is P ; for the advance of 
real knowledge we must ascei*tam %olien S is M. 

In both these steps of generalisation there is room for 
error. In the former error may exist in that S is M may 
be an imperfect statement of the essential conditions of P. 
Either some elements may be omitted or other elements 
than the essential conditions may be introduced. The 
conditions are obscui-ed by surrounding circumstances, 
and it is on their exact determination that the justification 
of the generahsation rests. Hence it is not sufficient that 
S is M should contain the ground of Pi for extraneous 
elements may also be present. The circumstances must 
be analysed, and all that is unessential eliminated until we 
can assert that S being M is the ground of P. We have 
already examined the inductive methods by which such an 
ehmination is effected. 

In the latter step of the generalisation there is also 
room for error. The point here is whether the essential 
conditions in this new case are exactly those expressed by 
S is M. We are apt to be misled by outward resemblance. 
Ho doubt phenomena which are determined by the same 
essential conditions do frequently resemble one another in 
an external way. But however strong the outward resem- 
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blance may be, in scientific thought Tve can never trust to 
it. A reliance on resemblance, for example, would class 
the sea-anemones in the vegetable rather than in the 
animal kingdom, and indeed for many years biology con- 
tained several instances of such false generalisation.* On 
the other hand, the outward resemblance may be of the 
slightest, and yet the essential conditions be identical 
“ Between the brilliant explosive discharge of a thunder- 
cloud and the gentle continuous current produced by two 
pieces of metal and some dilute acid there is no apparent 
analogy whatever. It was therefore a work of great im- 
portance when Faraday demonstrated the identity of the 
forces in action.”* Obviously the determination of identity 
of conditions depends on insight in the particular branch 
of science concerned ; it is not a part of logical theory but 
of experimental practice. 

The aim of science is to reach a full Imowledge of essen- 
tial conditions. But this aim is only being progressively 
realised. The general process by which truth is attained 
through induction reveals a more exact determination of 
conditions from simple enumeration of instances on the 
ground of a general resemblance, through analogy, to com- 
plete scientific induction, and at aU stages the hypothesis 
is a tentative generalisation. Enumerative induction sug- 
gests an empirical generalisation that Every S may he P. 
But that the resemblance on which it is grounded is felt 
to be due to an underlying identity is shown by the 
attempt made in analogy to reach this identity, and to find 
a possible ground for the empirical generalisation. The 
further inductive process is but the testing, moidding, 
and limiting of this suggested ground until the ideal is 
reached of a statement of conditions so exact that for every 
variation in the phenomenon an explanation can be found 
in a modification of the conditions. 

Now it is not always possible to complete the process by 
reaching a full statement of the essential conditions. If 
we are confined, for example, to the direct methods alone 
we have to stop short at empmcal generalisations : and in 


* Of. p. 37G. 


* Jevons, Principles of Science, p. G12. 
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mauy sciences this is as far as explanation has yet gone in 
regard to the bulk of the iihenoineua ivhich they inves- 
tigate. Even then an empirical generalisation is only 
regarded as a step towards some ultimate principle from 
which it may bo derived. Astronomy has found a prin- 
ciple which appears at present to bo ultimate in the law of 
gravitation, though there are indications that it may be 
derived in the future from a yet wider generalisation: 
medicine is still largely empirical. The characteristic of 
an empirical generalisation is that it describes exactly 
what has to be explained by formulating the law of its 
occurrence. This is itself a partial explanation of it, but 
for scientific explanation wo must Icnow ichy that law and 
no other gives an exact description of the phenomena. 
The answer, if found, will be a wider geuemlisatiou giving 
the conditions which strictly determine the empirical 
generalisation, and hence the particular facts on which it 
is based. IVe have, then, two degrees of generalisation, 
(i) empirical generalisations, (ii) established truths. The 
latter alone fulfils the logic.al ideal. 

(i) Empirical GeneraUsations. — An empirical gene- 
ralisation is one which is descidptive, and not in any real 
sense explanatory. It is itself in need of explanation. For 
example, take the generalisation that the pebrine disease 
in sillcworms is duo to the presence of certain corpuscles 
at various stages of the silkworms’ growth. This answers 
the question to what is the disease due, and suflices for 
the devising of practical measures to prevent it. But it 
throws no light on the problem why corpuscles of that 
particular kind should be associated with the appearance 
of a special disease. It has been reached by observation 
and experimental investigation, and is a succinct descrip- 
tion of the essential fact in relation to the mode in which 
the disease is caused. Ifevertheless it stands in relative 
isolation from other Imowledge. It is not seen to be 
derived from some more general principle of disease: in 
other words, it is unexplained. 

Empirical generalisations result from observation and 
experiment. They arise, therefore, in the earlier stages 
of scientific enquiiy and furnish the material for wider 
I. L. 31 
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tlieories. When they are seen to he derived from prin- 
ciples of greater generality they are no longer merely 
empirical. Hence it will often happen that a generali- 
sation which was at first empirical -rtTll cease to be so 
classed. Thus G-alileo determined the law of falling bodies 
empirically, and it remained an empirical generalisation 
until Newton showed the reason for it as a necessary 
consequence of the principle of gravitation. While a 
generalisation remains empu-ical its grounds are wholly 
or partially unknown. 

Contemporary knowledge fui*nishes numerous examples 
of such unexplained uniformities, but explanation is always 
regarded as ultimately attainable. This belief is based 
upon a realisation of the necessary unity of nature. For 
where there is observed uniformity of occurrence there is 
always a presumption that the conditions determining the 
phenomenon are constant, and we may expect in time to 
discover what they are, so that the uniformity ceases to be 
isolated from the rest of knowledge. That there must be 
definite determining conditions is the basis of all expecta- 
tion of the recurrence of an event when the determining 
conditions are unknown, and this expectation rationally 
increases with the extension of uncontradicted experience 
of the event. In other words, the oftener an empirical 
generalisation is exempbfied, the greater is the probability 
that there is a necessary and universal relation under- 
lying it. 

But while the generalisation remains empirical, it must 
never be assumed to be universally and necessarily true. 
Its statement can never be more than categorical ; we can 
at most say Every S is P, not If S is M it is P. Hence the 
logical rule that empirical generalisation can only be safely 
extended to adjacent cases. If we pass to cases which vary 
widely from those observed, or exceed the limits of time 
and space within which the observation has been made, we 
lessen considerably our assurance that the unknown condi- 
tions remain the same. It is an empirical generalisation 
that the expectation of life in certain dangerous trades is 
small : it would not do to apply the same generalisation to 
healthier occupations. Nor should we be justified in 
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extending generalisations, for example, as to the food and 
clotliing of northern peoples to natives of the tropics. To 
provide flannel -n-aistcoats for them shows moro charity 
than knowledge. Indeed, the wider the scope over which 
we try to extend an empmeal generalisation the less is our 
confidence that it will hold true, for the less ground have 
we for assuming that the essential determining conditions 
will remain unchanged. 

An interesting class of empirical generalisations is com- 
posed of what are often nailed ‘ Statistical Laws,’ but which 
are better termed Slaicmcnts of Statislical Uniformity. 
Many problems are so complex that as a preliminary to 
closer analysis it is found advantageous to procure statistics 
of the phenomena under investigation. This is especially 
the case in sociological and political enquiries. Wo may 
in this way gather statistics of trade, education, population, 
and so forth. The mere counting of units would not be 
profitable. In the selection of the land of unit and the 
nature of the statistics a definite question or series of 
questions is as a rule implied. “ It might seem that in 
talring the average rate of mortality on the basis of the 
returns of local oUicials, etc., the figures of themselves dis- 
closed the fact that the rate was higher for infants under 
two years of age than in later periods of life. But the total 
average of deaths would never have shown this. It is only 
because the average for infants has been separately calcu- 
lated, in the expectation that there might be a difference, 
that the difference has been found.” * 

Now when statistics are gathered in this purposive way 
they often reveal uniformities which point to the fact that 
there are at the back of the phenomena constant condi- 
tions which it would be well to seek. It is well known, for 
example, that the number of persons who commit certain 
crimes, who are born, or who die, in the course of a year, 
bears a remarkably vmiform proportion to the total niunber 
of the inhabitants of any given cormtry ; there is, as we 
say, a pretty constant average preserved in many of the 
phenomena of social life. Again, the number of people in 

- Creighton, An Introductory Logic, pp. 224-225. 
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England and Wales wlio commit suicide is found to remain 
very uniform from year to year. Moreover, the averages 
are found to vary -with great regularity according to the 
months of the year, being highest in June, falling regu- 
larly to December, and then gi'adually rising again. 
Further, the proportion who commit suicide at different 
ages remains faii’ly constant. All this indicates that social 
and material conditions have remained largely unchanged. 

It would be an error, however, to assume that such a 
statistical uniformity must necessarily continue. If it does 
we may conclude that the same general conditions have 
been iu operation. But it would be rash to think that the 
conditions will necessarily remain unchanged in the futui-e; 
and, since that is so, there is no more necessity in a statis- 
tical uniformity than in any other empirical generalisation. 
Yet fi'om the constancy of such averages an inference as 
to their necessi’ty has sometimes been di-awn. Thus Buckle 
says : “ In a given state of society a certain number of 
persons (about 250 each year) must put an end to their 
own Hfe. This is the general law, and the special question 
as to who shall commit the crime depends of course upon 
special laws : which, however, in their total action, must 
obey the large social law to which they are all subordinate. 
And the power of the larger law is so irresistible, that neither 
the love of hfe, nor the fear of another world can avail 
anything -towards even checking its operation.”^ Such a 
conception can only be true if the changes in society leave 
imtouched the forces and motives which determine men to 
self-destruction. 

The monotonous record of a statistical uniformity after 
it had once been established would serve no useful purpose 
unless there was liability to change. It is the de-rtations 
from the law which bring nearer that analysis of the 
conditions which we desire. If a particular crime is 
found to be on the increase, if suicide becomes more 
common, if the birth rate shows a proportional decline, we 
at once search for some variation in existing social and 
economic conditions which may account for the change. 

^ History of Civilisation, vol. i., p. 25. 
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In this way we may he put on the track of a generalisation 
which will explain, and not merely i-egister, the pheno- 
menon. For we use statistics as an aid to explanation. 
The principle which would make the facts intelligible is 
hidden from us. As soon as it is discovered our interest 
in the collection of statistics, at any rate as a method 
of gaining knowledge, vanishes. The facts counted and 
averaged are each one determined exactly, and if a uni- 
formity appears that too has its exact conditions. But 
what they are it does not tell us. The average, for 
instance, neglects all the particular characteristics of the 
individual instances, and there is no means of showing that 
it is necessary without examination of those characteristics 
which it discards. " Such uniformities of ntunbers and 
averages are primarily mere descriptions of facts, which 
need explanation as much as the uniformity of the alter- 
nation between day and night ; and the explanation can 
he found only where the actual conditions, the efficient 
causes, are forthcoming. But these are the concrete con- 
ditions of the particular instances counted, they are not 
directly causes of the numbers ; it is only the nature of 
the concrete causes which can show it to be necessary for 
the effects to appear in certain number’s and numerical 
relations.”^ 

(ii) Established Truths. — ^When the conditions of an 
empirical generahsation have been exactly determined the 
genei’ahsation is established as a necessary truth, which 
may be defined as an established general judgment. It is 
not a summary of particular judgments, for it is not arrived 
at by summarising the records of events which have been 
often observed to occur. Such a process as we have more 
than once urged can yield nothing more than a greater or 
less degree of expectation. General truths are the result 
of such an analysis of reahty as enables us to state the rela- 
tion which holds between a phenomenon and its conditions. 
And when this relation is ascertained the principle of the 
imity of the world — ^without which all knowledge is impos- 
sible — compels us to think it as universally and necessarily 
true. 

' Sigwart, Logic, Eng. Trans., vol. ii., p. 490. 
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Of course, if our analysis is inaccurate, if Tvliat we 
assume to be the conditions of the phenomenon are not 
really its conditions, then our general propositions are not 
true. Or again, if our analysis is inadequate ; if what we 
take for the essential conditions includes other elements, 
or if we omit some essential elements of the conditions, 
then our judgment has not universal validity ; it is, we may 
say, nearly true. 

There is then room for mistake in the application to 
reality of the h3q)othetical judgments in which we express 
the conditions of phenomena. Every such judgment 
expresses a necessary relation between its antecedent and 
its consequent. If you accept the judgment as true, you 
accept the relation as universal and necessary. But the 
judgment may fail to express accurately the nature of 
reality. It may err concerning the particular relation with 
which it deals, or respecting the connexion of that relation 
■with the other parts of the system of knowledge. How- 
ever, in so far as the general judgment is true it is neces- 
sarily true, for necessity consists only in the connexion of 
a consequent •with its ground. Uncertainty, when it exists, 
pertains to the truth of the judgment in the form in 
which it is expressed ; that is, it attaches to the accuracy and 
adequacy of the analysis of conditions upon which it is 
founded. When this accuracy and adequacy are un- 
doubted there is no uncertainty. 

It is for this reason that the truths of mathematics are 
sometimes held to be of greater certainty than those of 
other sciences. The contrast between them has been pointed 
by calling the former truths ‘ necessary,’ and the latter 
‘ contingent.’ But the supposed difference does not lie in 
the nature of the truths themselves : it is to be found 
rather in the greater difficulty which is experienced in 
physical and social science in determining what the con- 
ditions really are. A brief consideration of the logical 
nature of mathematics will make this clear. 

In mathematics we can always fulfil the requirements 
of necessary truth by an exact statement of the conditions 
upon which our constructions and inferences depend. 
There are two broad divisions of the subject — the science 
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of numbers, and the science of space. In the case of 
numbers the two fundamental operations are those of 
addition and subtraction. So far as the operation is 
mathematical it is independent of an)^ objects to which the 
numbers may refer. The notion of unity is constituted 
by our own mental act, and is conceived exactly. The 
addition of units is then a matter of construction. If we 
have 4 + 6 = 9, the whole is seen to be constituted by the 
parts 4 and 5, and the nature of the parts and of the 
whole — 4 units, 5 units, 9 units — is so exactly defined that 
wherever the same combination of parts occurs the whole 
must necessarily follow. The result can be generalised at 
once because we are sure that thei’e are no extraneous con- 
ditions which might conceivably modify it on another 
occasion. The relation falls entirely within the number 
series, and that has a constant stinicture. All the modifi- 
cations and extensions which appear in the development of 
the concept of number are made under precisely defined 
conditions, and from these are derived truths which are 
necessary in that they depend upon them for their ground. 
It is so, too, in geometry. The definitions, for example, 
of geometrical figures are less determined for us than by . 
us. They tell us how to construct the figures in thought, 
although we may never construct them in reality. Thus 
a circle is a figmn described by a point moving at a fixed 
distance from another point in the same plane. This fixes 
the exact conditions upon which a circle depends, and from 
them flow all the numerous properties discovered in the 
theorems relating to that figure. Any one of these, as 
soon as it has been demonstrated, can at once be general- 
ised to the constitution of any circle whatever, for no other 
conditions are necessary. It is true that there is also 
involved the assumption that space is uniform in its con- 
struction: but this again is a conception which for the 
purposes of the geometer can be exactly defined. The 
essential point is that in all his reasonings, whether about 
figures in space of two, or three, or even more, dimensions, 
he can state all the necessary conditions, and be sure that 
he errs neither by excess nor by defect. Indeed in mathe- 
matical construction the ideal aimed at in experiment is 
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realised. ITo Eulmown conditions are present to introduce 
an element of imcertainty into tlie conclusion. 

Tlie Bupex'ior certainty of tlie conclusions of mathematics 
has been denied on the ground that its concepts and 
axioms are merely generalisations from sensuous experi- 
ence. It is said that we know that 2 -f 2 = 4, that a ti’iangle 
is a plane figiu’e bounded by thi'ee straight lines, that 
things equal to the same thing are equal to one another, 
because we have found these relations exemplified again 
and again in experience. For example, whatever the ob- 
jects counted, whether plums, chairs, or people, the uni- 
fonn result is obtained, 2 -}- 2 = 4 : and that is the sole 
warrant for the generalisation. If this were true the 
necessity of mathematical truths could not be maintained. 
“ For you have no ground for supposing that if 2 4- 2 
could sometimes make 5, cases of its occurrence would 
have occuiTed in your expei'ience. Everything becomes 
problematical; the frequency of any particular sum of 
2 -{- 2 is quite indeterminate, if the sum is indeterminate ; 
and your experience may assure you that you have never 
found them making anything else than 4, but cannot 
assure you that you are never likely to do so. And so it 
is with geometrical principles.”^ The generalisation is a 
precarious induction by simple enumeration, and cannot 
survive a contradictory instance. The ci'iticism of Pro- 
fessor James, for instance, that two plus two does not 
always make four in sense experience, since two drops 
added to two di-ops make one drop, is a sufficient logical 
refutation of the generalisation. 

Nor is the case improved if for simple enumeration we 
substitute the direct methods of induction. Suppose that 
we vaiy methodically all the circumstances as far as pos- 
sible and still find our geometrical or numerical relation 
constant, we shall still be left with an empirical generalisa- 
tion. The truth is that the relations dealt- with in mathe- 
matics are not such generalisations from observation, but 
are constructions of thought to explain the mathematical 
aspects of experience. So mathematical concepts are ideal 

' Joseph, An Introduction to Logic, p. 510. 
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constructions. The lines and figures of pure geometry 
have no exact counterparts in the concrete things of ex- 
perience. No line can he di-awn which is perfectly straight. 
But actual lines differ from straightness in an indefinitely 
large number of ways. ‘ Straightness ’ is a mental con- 
struction which attempts to explain thh differences of these 
actual lines as deviations from a norm. It is not that we 
are bom with such ideas as ‘ straightness ’ ready-made, 
any more than we are bom with such an idea as is ex- 
pressed in the law of inertia. Nor is it that we can 
abstract straightness from various forms and degrees of 
crookedness; evidently it is not there to be abstracted. 
No, ‘ straightness ’ is a hypothesis of an ideal line. Simi- 
larly with the other concepts. 

It may be granted, then, that the tmths of mathematics 
have been reached by way of sense-experience, and are 
fundamentally attempts to explain that experience. G-eo- 
meti-ical and numerical relations are known roughly and 
empirically before they are demonstrated exactly and 
hypothetically. Mathematics has no mysterious origin. 
Like physics and chemistry and the other sciences it is 
an attempt to think relations in such an ideal form that 
the variations we actually experience can be explained as 
due to interaction. If a line is not di’awn perfectly straight 
it is because of deviations due to such things as roughness 
of surface. 

But the physical sciences have to deal throughout with 
complex reality. They aim at explaining phenomena. 
When mathematics is applied to a similar pm-pose its 
results are seen to be, hke those of the other sciences, 
approximations more or less close to what is actually 
found. But, as we saw in the last chapter, the deviation 
is interpreted as on the side of the observed phenomenon, 
not on that of the theoretical result. Only so, indeed, 
could the constant variations be explained. 

Yet even here the fundamental relations dealt with in 
mathematics are few and simple. It is this which makes 
us more certain of their truth. From these few init.ia.1 
propositions vast consequences can be drawn deductively 
— consequences which on the basis of those original pre- 
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raises are necessarily true. But like all deductive con- 
clusions tkey are true only in the sense in which their 
foundations are — that is, as ideal representations of certain 
relations considered apart from any emhodiment in actual 
things. 

In the physical sciences our results are more open to 
question just because they do attempt to establish what 
relations actually exist. Every deviation must be ex- 
plained; every phenomenon traced to the operation of 
a complex set of conditions. In this it is evident that 
it is much more difficult to reach certainty than when we 
are concerned with one kind of relations only. Moreover 
our explanations themselves must show mathematical pre- 
cision as a condition of adequacy : for such relations are 
found in all observable phenomena. But there is no logi- 
cal reason why any ‘ law of natm-e ’ should not be estab- 
lished as certainly as a mathematical truth. The difficulty 
is entii'ely practical. 

G-reen has summed up the whole question admirably: 
“ The distinction, then, of the ‘ necessity ’ of mathematical 
truths from the ‘ contingency ’ of truths about nature, if it 
is to hold at all, is not to be understood as if it were only 
in mathematics, and not in natural Science, that what is 
once true must be always true, or as if natural laws were 
liable to change, mathematical laws not. The true dis- 
tinction is between what is fully true and what is partially 
true. What is fully true once is fully true always, of a 
natural phenomenon no less than of a geometrical figure ; 
but any proposition about a natural phenomenon is true 
of it only under conditions of which we do not know all, 
while a proposition about a geometrical figui-e, if true at 
all, is true of it under conditions which we completely 
know.”^ 

The true ground of the necessity of a generalisation 
must be sought in its relations to the whole system of 
knowledge available. If the facts can be explained in no 
other' way consistent with the unity of that system, the 
general proposition must be regarded as objectively true 


^ Philosophical Worlds, vol. ii., pp. 249-50. 
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and logically necessary. No doubt the imperfection of 
knowledge leaves here a possibility of error. Modifications 
of the unity of the system follow every development of 
knowledge. But there is a growing body of truth which 
remains undistm-bed. It is .very improbable that any new 
discovery will completely overthrow the achievements of 
any well-established science such as that of heat or chemis- 
try, however profoundly it maj' alter its outlook or Aviden 
its scope. The probability that any judgment received as 
true by experts in any branch of knowledge will ultimately 
be proved to be false decreases. Uncertainty attaches to 
the accuracy and adequacy with which our analysis in any 
case has ascertained the essential conditions, and it is 
diminished Avhen we have assigned to the phenomenon an 
integral place in the system ot knowledge so far as it has 
been already constituted. For systematisation is the last 
step in explanation. 

3. Systematisation. — Systematisation is then the stage 
at which laws are explained by their relations to laws of 
yet wider generality. An object or event is isolated until 
Ave can assign its cause in an empirical law ; an empirical 
law_ is isolated Amtil we can derive it from a wider generali- 
sation. This derivation can only be accomplished by dis- 
coA'ering between the two generalisations some element of 
identity Avhich is seen to condition the laws of less gene- 
rality. By detecting this element in a number of empirical 
laws it is often possible to show that all of them are 
dependent on one principle. This is the most important 
manner in wliich systems of knowledge are developed. 
The empirical laws are said to be subsumed tmder the 
principle from which they are derived. Thus the laws 
of falling bodies and of the movements of the tides are 
special cases of the law of gravitation. 

The Avider the scope of such a principle, the more satis- 
factory is the explanation. When the wave-theory of light 
is found to accormt for reflection, refraction, interference, 
and other phenomena of light which differ_Avidely in the 
effects they produce, it has strong claims to acceptance, 
even though it cannot be shoAvn that no other theory 
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■woxild explain them as well. Indeed, it has become almost 
an axiom of explanation that the fewer and simpler the 
fundamental laws which form as it were the pivots of the 
system of knowledge, the better. The few theories that 
occupy this position, such as the theory of gravitation, the 
principle of evolution, the atomic theory, and the wave- 
theory of light cover between them a wide range of natui-al 
phenomena, and men do not despair of showing that heat, 
light, electricity, gravitation, are modes of one and the 
same force. The postulate of unity compels us to seek a 
single system of loaowledge in which the complex is 
resolved into the simple, and the main theories are few 
and comprehensive. 

Other modes of s)"stematisation that have been distin- 
guished are subordinate to that of subsumption. We 
may, for example, explain a particular pheuomenon of 
which we have found the empirical law as the resultant of 
two or more independent causes acting simultaneously, as 
when the rise of a balloon is explained by the laws of fluid 
pressure and of gravitation : ^ or we may trace the laws 
of causes acting successively and show how a series of 
events arise out of one another. The latter type of ex- 
planation will be frequent when we are determining the 
course of historical development. But in neither case 
need we be fulfilling the ideal of explanation, though we 
are making our knowledge more systematic. The laws 
by which an empirical law is explained may themselves be 
derivative, and to trace a historical sequence and to reveal 
it as causal is only a part of explanation. Aspects of the 
sequence are compared, and historical knowledge becomes 
more systematic as these aspects are embodied in wider 
generalisations. 

To systematise knowledge is to make a distinct advance. 
Empirical laws which separately rest on evidence that is 
not conclusive are strengthened by forming an indispens- 
able link in a system. Eesults obtained in one branch of 
science often corroborate, or throw strong light on, similar 
conclusions in another. The independent evidence on 


1 Cf. Venn, Empirical Logic, p. 505. 
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•wliicli tliey are based gives tliem mutual strength. All 
laws cannot at pi-esent be shown to be derivative from 
established principles, and while our knowledge of the 
system is imperfect it is a gain to discover that laws which 
have not yet been derived from a common principle, not 
only do not conflict with one another but afford positive 
support to their respective conclusions.* The distinction 
between the ideal and the actual system of knowledge is 
well expressed by ilr. Hobhouse. After summing up the 
essentials of inductive pi'ocess, he writes : “ The resulting 
system, worked out ideall}' for all experience, and with all 
its points of interconnexion clear and certain would bo the 
ideal knowledge ; worked out clearly and definitely in this 
or that body of truth (such, perhaps, as mathematics and 
physics), less coherently and definitely in others (such, 
perhaps, as physiology), and strongly but indistinctly felt 
rather than pointed out in the great bulk of our ‘ common- 
sense,’ every-day beliefs, it constitutes the knowledge 
which we actually possess.”* 

The theoretical limit of explanation is a complete and 
exhaustive knowledge of the system of the universe itself. 
We are bormd to assume that ideally everything within 
the system admits of explanation, since with full know- 
ledge we should see it in its proper connexions , in the 
system both with all other of its elements and rvith the 
whole, and that is all that explanation implies. Of the 
whole system there can be for us no explanation outside 
itself. It is true that some laws appear to be ultimate 
in our present state of Imowledge : but in accordance with 
the postulates of knowledge we attribute their apparently 
ultimate character to our comparative ignorance. For 
example, wide-reaching as the theory of gravitation is, 
it throws no light on the natm’e of gravitation itself. 
Hence the mind cannot rest content with the theory as 
an ultimate explanation. It recognises it as a problem 
which, it is not unreasonable to suppose, may be one day 
solved. 


* Cf. Hobhouse, Theory of Knowledge, p. 403. 
^ Ibid., p. 404. 
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4, Fallacies incident to Explanation. 

(i) Origin . — As explanation involves generalisation it 
is evident that errors of generalisation Tvill render our 
explanations futile. It is further evident that all generali- 
sation from insufficient or misapprehended data must be 
fallacious. This means that such invalid results are all 
too easily accepted, for our discussion has at least brought 
out the truth that the interpretation of experience is a very 
difficult task. Had we no innate tendency to generahse 
our experiences, science could hardly begin, yet this very 
tendency is at the root of the danger, for it leads us to 
draw general conclusions from very inadequate knowledge. 
Children generahse wildly, and untrained minds show 
little improvement. One of the most difficult lessons the 
scientific worker has to learn is to be cautious. 

(ii) Empirical Generalisations. — Grenerahsations are, 
we have seen, at first empirical; and in that stage can 
never he more than probably true. Here are evidently 
possible two main forms of error. We may generalise 
from too few instances, and even without having consi- 
dered whether any exceptions can he met with or have been 
recorded. The generalisation is usually based on some 
striking feature common to the cases noticed, and cases 
which do not present that feature for that very reason 
escape notice. Hence such generahsations as that dreams 
are prophetic arose from the marking of coincidences 
between dreams and subsequent events and disregarding 
all dreams which did not thus obtain fulfilment. 

Such an example brings out another mode in which 
empirical generalisations are often vitiated, in that too 
general a resemblance is taken as its basis. The amount 
of coincidence between dream and fulfilment is often ex- 
tremely small; its very existence really awakens surprise 
and wonder ; it seems something needing explanation, and 
the explanation is foimd in an assumed causal connexion. 

The almost inevitable result of such imperfect analysis 
is the undue extension of the generalisation. Thus, to 
extend an empirical generalisation of some phenomena of 
social life, founded upon a survey of the condition of any 
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one country at some particular time, to otter peoples and 
otter times is to make a fallacious inference. 

As one class of fallacies of ttis ctaracter Dr. Fowler 
mentions undue respect for auttority. Tte influence on 
tte opinion of tte multitude of expressed judgments of 
well-lmowu people on certain questions is well known to 
advertisers of quack medicines, promoters of public com- 
panies, and ttose generally wto wist to attract public 
confidence to tte goods they have to sell. Tte form of 
tte argument involved would seem to be, ttat A is a man 
wtose opinion on many subjects is of weight, therefore, 
tis judgment is of weight on aU subjects. “ We have to 
leain,” said Dr. Fowler, “ not only ttat men are to bo 
trusted exclusively within the tmits of their own ex- 
perience, in their own profession or pursuit, but ttat even 
within those limits their authority is apt to become 
tyi-annical and in-atioual unless it is constantly confronted 
with facts and subjected to the criticism of others.”’ 
Similar remarks apply to an excessive regard for the 
authority of great writers. A striking example of this 
fallacy is foimd in the intellectual idolatry with which 
the schoolmen regarded Aristotle. 

The second main source of error is to regard an empirical 
generalisation as a necessary law. This has long been 
known as the fallacy Fast (or Cum") hoc, ergo propter hoc 
— if events are connected in time they are causally related. 
This, too, is committed when dreams are regarded as 
prophetic. The fallacy aiises because we caimot rest 
satisfied with mere statement of fact — even of general fact. 
We need explanation, and we are often in far too great a 
hurry to reach it, so we fall into this fallacy by accepting 
as tnie the first suggestion that offers itself. 

Ho doubt constant coxmexion in time suggests a deeper 
bond — but that bond is not always foun 1 in the events so 
connected — often it must be sought in a deeper reality. 
Day and night, for example, are causally connected with 
the daily rotation of the eartle-but day does not cause 
night nor night day, constant as is their temporal suc- 
cession. 


’ Inductive Logic, p. 292. 
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(iii) -Established Truths. — Fallacy, of course, is com- 
mitted not only -when an empirical law is regarded as 
causal and necessaiy, but when a truth really so estab- 
lished is wrongly applied to concrete reality. Of this 
latter fallacy the most common examples are probably to 
be found in the consideration of cases where the operation 
of the law is frustrated by counteracting conditions. 
Especially is this liable to occur in the consideration of 
social questions. In illustration we will quote a passage 
from Sir G-. 0. Lewis : “ It is to be borne in mind that, in 
estimating negative instances, due allowance must be made 
for the occasional frustration of ca^oses. . . . For example : 
it might be argued, from the occurrence of several cases 
in which the absence of high import duties and of com- 
mercial restrictions was accompanied -with abundance and 
cheapness of commodities, that the former was the cause 
of the latter. Certain instances might then occur, in which 
the former existed without the latter; but each of these 
exceptional cases might be accounted for, by showing that 
there was a special circumstance, such as a deficient supply, 
or interruption of intercourse by war or blockade, which 
partially obstructed, and for a time suspended, the opera- 
tion of the former cause. Again ; it might be shown, by 
the evidence of facts, that the operation of a new law had 
been generally beneficial, with the exception of certain 
districts, where its enforcement had been prevented or 
retarded by certain peculiar and accidental circumstances. 
Exceptions of this kind, which admit of an adequate 
special explanation, serve rather to confirm the general 
inference than to weaken it ; inasmuch as they raise the 
presumption that, but for the partial obstruction to the 
cause, it would have operated in these as in the other 
instances where no obstructions existed.” ^ In such cases 
we have, of course, an inadequate analysis of the con- 
ditions of the case to which we propose to apply the 
general law. 

Generally, then, all illicit statement of law, and all 
wrong application of law, resolve themselves into inade- 


* Methods of Observation and Seasoning in Politics, vol. i., p. 386. 
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quate analysis of facts. The statement of the law is 
erroneous when the conditions given include either more 
or less than just those essential conditions which are the 
ground of the phenomenon. Thus, if wo take one of a 
number of related conditions as the total cause, our 
general law will be wrong, as its statement will embrace 
instances which do not really come under it. For example, 
to state that the boiling-point of a liquid depends only on 
the temperature would be to omit the equally essential 
condition of atmospheric pressure. Thus, to say that 
water boils at 100° C. is wrong ; it boils at that tem- 
perature under the pressure of one atmosphere; that is, 
the normal atmospheric pressure at the sea-level. Tip a 
mountain the boiling-point is different. 

Again, in the analysis of phenomena it is possible to 
con^se the whole or a part of the cause with the effect. 
That it is by no means easy to determine in all cases which 
are the determining, and which the determined, elements 
in a complex phenomenon is illustrated by the fact that 
meteorologists are not agreed whether the copious and 
sudden downfalls of rain which usually attend thunder- 
storms are the cause or the effect of the electric discharge. 
The common opinion is that they are the effect, but 
Sir John Herschel held that they were the cause. 

Another source of error is the neglect of the mutual 
interaction of cause and effect. This interaction, of course, 
may also lead to that confusion of cause and effect which 
we have just noticed. This again is well illustrated from 
social phenomena by a passage from Sir G-. G. Lewis. He 
says: “An additional source of error in determining 
political causation is likewise to be found in the mutuality 
of ca^ise and effect. It happens sometimes that, when a 
relation of causation is established between two facts, it is 
hard to decide which, in the given case, is the cause and 
which the effect, because they act and re-act upon each 
other, each phenomenon being in turn cause and effect. 
Thus, habits of industry may produce wealth, whilst the 
acquisition of wealth may promote industry ; again, habits 
of study may sharpen the understanding, and the increased 
acuteness of the understanding may afterwards increase 
I- . 32 
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the appetite for study. So om- excess of population may, 
by impoverisbing tbe labouring classes, be tbe cause of 
tbeir Uving in bad dwellings; and again, bad dwellings, 
by deteriorating tbe moral babits of tbe poor, may stimu- 
late population. Tbe general intelligence and good sense 
of tbe people may promote its good government, and tbe 
goodness of tbe government may, in its turn, increase tbe 
intelligence of tbe people, and contribute to tbe formation 
of sound opinions among tbem. Drunkenness is in general 
tbe consequence of a low degree of intelligence, as may be 
observed botb among savages and in civibsed countries. 
But, in return, a babit of drunkenness prevents tbe culti- 
vation of tbe intellect, and strengthens tbe cause out of 
which it grows. As Plato remarks, education improves 
nature, and natui’e facibtates education. National cha- 
racter, again, is botb effect and cause: it reacts on tbe 
circumstances from which it arises. Tbe national pecu- 
liarities of a people, its race, physical structure, climate, 
territory, etc., form originally a certain character, which 
tends to create certain institutions, political and domestic, 
in harmony with that character. These institutions 
strengthen, perpetuate, and reproduce tbe character out of 
which they grew, and so on in succession, each new effect 
becoming, in its turn, a new cause. Thus a brave, ener- 
getic, restless nation, exposed to attack from neighbours, 
organises mditary institutions : these institutions promote 
and maintain a warlike spirit; this warbke spirit again 
assists tbe development of tbe military organisation, and 
it is further promoted by territorial conquests and success 
in war, which may be its result — each successive effect 
thus adding to tbe cause out of which it sprung.”^ 


' Op. cit., vol. i., p. 375. 
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These questtenis are in tno^t cases taken from }yajKrs set at 
public examinations. 

CIIAPTKHS I.-II. 

1. ** Logic deals with the form and not the matter of Thought.” 
Carefully consider thi.s Btatement; and distingui-sh I.«gio (a) from 
IVycholog}', (b) from Grammar. 

2. “A man who has refleoted upon the principlc.s ol rca.soning is 
much loss likely to bo deceived than one who is guided uncon- 
Eciously by assumptions which he has never examined.” Discuss 
this and give illustrations. 

3. Examine the following Blnlcments as to the province or func- 
tion of Logic — 

(n) The Bcicncc not of Truth but of Consistency. 

(b) The Ecicnco of the operations of the understanding which 
are .subservient to the estimation of evidence. 

(c) A machine for combating Fallacy. 

4. What do you understand by the distinction between Logie as 
a Science and Logie as an Art? Illustrate j’our answer by reference 
to different departments of logical doctrine or by reference to 
different modes of treating logical problems. 

5. In what sense, if any, is Logie dependent for its principles on 
advance in scientifio knowledge ? 

C. Discuss the statement that much valid thought precedes the 
study of Logic, hence the study of Logic is valueless for the pur- 
poses of valid thought. 

7. Discuss the view of Logie implied in the following : — “ Logic 
had begun its work, and in men of a certain temperament political 
logic is apt to turn into a strange poison. They will not rest until 
they have drained first principles to their very dregs. They argue 
down from the necessities of abstract reasoning until they have 
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ruined all the favouring possibilities of concrete circumstance.” 
— (John Morley, Oliver Gromiodl, pp. 239-240.) 

8. Explain the meaning and significance of the fvmdamental Laws 
of Thought. Do they furnish more than a negative test of truth ? 

Show that in every judgment there must be some identity between 
subject and predicate, but that in no judgment can subject and pre- 
dicate be wholly identical. 

9. State the three fundamental Laws of Thought, explain their 
meaning, and consider how far they are independent of each other. 

10. State the law of Sufiicient Reason, and discuss its logical 
place and value. 


CHAPTER in. 

1. How does the study of terms enter into Logic ? Distinguish 
between (1) general and singular, (2) abstract and concrete terms, 
and illustrate the difficulties that arise in applying the distinction. 

Upon what grounds would you decide whether the name “The 
Right Honourable H. H. Asquith ” lias extension or intension only 
or both? 

2. What is a connotative name? Give examples showing different 
ways in which the connotation of a name is such that the name is 
understood to be applicable to a single object. Distinguish such 
names from Proper Names. 

3. What different senses have logicians attached to the expression 
— the intension of a term ? Are there any names wiiich simply 
denote objects without giving any information about the character- 
istics of those objects? 

4. “ When wm consider the use or function of terms we find that 
they are never used merely 'to name things or merely to connote 
attributes.” Discuss this. Has it ever been maintained, so far as 
you know, that terms may “merely connote attributes”? How 
far does the dispute about the connotation of proper names arise 
from a difference in the meaning attached to the word connotation ? 

5. Explain the distinction between the intension and the exten- 
sion of terms. What is the meaning of the statement that as the 
one increases the other decreases, and what are the limits to the 
accuracy of the statement? Is it true that the more comprehensive 
term has less significance than the less comprehensive ? 

6. (a) Distinguish between Abstract and Concrete Terms. Would 
you say that a generic term such as ‘animal’ is more abstract 
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than a specific term such as ‘ horse ’ 2 Give reasons for your 
answer. 

(b) Upon what grounds have abstract terms, if thej' are names of 
a simple attribute, been thought to be destitute of connotation? 
Examine this contention. 

7. Describe the nature of Collective Terms ; can they be distin- 
guished from general terms 2 

8. Give the logical characteristics of — organism, force, nation- 
ality, His Eminence, our American Cousin, monopoly. The Renais- 
sance, the judicature. 

9. Describe the logical characteristics of the following terms — 
lame, crowd, colour, son, equation, unholy, ant. Lord Shaftesbury, 
the tallest man alive, the Lord Chancellor, non-Christian. 

10. Discuss the question whether the following terms are respec- 
tively connotative or non-connotative — ^London, St. Raul’s Cathe- 
dral, The Emperor of India, man, parallelogram. 


CHARTER IV. 

1. Discuss the logical importance of the Heads of Rredicables. 

2. Mathematics has been said to be distinguished from Rhysioal 
Science by the preponderance in the former of aflSrmations of 
Rroprium. Account for this difierence. Can you give any non- 
mathematical scientific examples of such predication? 

3. What is a predicable? Enumerate and describe the difierent 
predicables, constructing propositions to illustrate them. 

Distinguish analytical and synthetical propositions in terms of 
the predicables they respectively employ. 

4. Distinguish between a Verbal and a Real Rroposition. Con- 
sider under which head the following ought to be classed — (1) 
Whatever is, is. (2) Those organisms survive which are best 
adapted to survive. (3) Right is right. (4) Man is man (and 
master of his fate). (5) It is inadvisable to eat too much. (6) The 
expense of travelling on the continent depends on the habits and 
means of the traveller, and his mode of journeying, and likeudse 
on the rate of charges made in the various countries. (7) We are 
able to reason because we have the faculty of ratiocination. 

5. Give the Genus, the Difierentia, a Rroprium, and an Aceidens 
of — gold, Darwinian, rhombus, house ; and say why you choose 
what you give in your answer. 
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CHAPTERS V.-VI. 

1. What are the chief uses in defining a term ? and what are the 
chief classes of terms that are indefinable ? 

2. State the meaning of Definition, and carefully explain any 
technical terms that you use in your statement. 

Comment critically, with examples, on (a) the distinction between 
the nominal and real definition, (b) the distinction between the 
definable and the indefinable. 

3. Comment on the follo'vring definitions — 

(а) A multiple is any number divisible by another number. 

(б) A legislator is a member either of the -House of Commons 
or of the House of Lords. 

(c) A straight lino is that which lies evenly between its 
extreme points. 

(d) An idle person is one who will not work when he can. 

4. Show by examples the nature of the mistakes that are likely to 
bo made in trying to define such words as Verb (in grammar). 
Factor (in Arithmetic), Combination (in Chemistry), Pleasure (in 
Psychology). (Other words may bo substituted by the examinee 
for those suggested. ) 

5. In what respects, if any, do the following definitions fail to 
satisfy logical requirements ? — 

(1) Causality is uniform antecedence in time. 

(2) Strength of will is that which enables a person to persist 
in his voluntary resolutions. 

(3) Life is the totality of vital phenomena. 

(4) Orthodoxy is my doxy; heterodoxy is another man’s doxj\ 

(5) Sound sensations are those which are produced by stimu- 
lation of the auditory nerve. 

6. Discuss the place and importance of Genetic Definition in 
knowledge. 

7. “ Definition must be both the starting-point and also the end 
and aim of all thinking.” How do you understand this statement? 

8. Compare the definability of the following terms — book, 
square, dullness, Victoria, silver, exogens, thermometer, coal, 
brilliancy, the present Chancellor of the University of London, 
Cambridge, cart, this ear. 

9. Point out the fallacy, if anj’, in each of the following — 

(a) All responsible beings are rational ; responsibility in- 
creases -^vith the increase of rationality; some dogs are more 
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rational than some men ; thoroforo sorao dogs aro more respon- 
sible than some men. 

(6) If I am to pass this examination, I shall pass it, whether 
I answer correctly or not; if I am nob to pass it, I shall fail, 
whether I answer correetlj’ or not ; therefore it is of no con- 
sequence how I answer the questions. 

(c) The laws of Nature never can bo broken. Social law is a 
part of tho general system of Nature ; thcreforo it cannot bo 

^ broken. 

(d) To assault another is wrong ; conscqucntlj' a soldier who 
assaults another does wrong. 

(c) I shall not join 3 'our society : you can't expect mo to do 
everj’thing. 

10. Discuss tho main faults in definition and illustrate them by 
examples. 

11. What fallacies may lurk in (1) the ambiguitj’ of tho word 
‘ all,’ (2) tho use of metaphor ? 

12. Define tho term Fallacy as employed in Logic and distinguish 
a fallacy, as thus employed, from a false belief. 


CHAPTER VII. 

1. Explain what is meant by Definition and Division, and show 
their relation to each other. Criticise tho following ns divisions : — 
(1) Human beings into men, women, and children. (2) Fungi into 
mushrooms and toadstools. (3) Substances into ponderable, impon- 
derable, and spiritual. (4) Chair into legs, back, and seat. (5) 
Governments into democracy, oligarchy, monarchy, and anarchj'. 
(6) Organisms into plants, animals, and social organisms. 

2. Give concisely the formal rules of logical division. How is 
tho differentia of a species connected with the fundamenium divi- 
sionis upon which tho division of tho genus proceeds? Examine 
the following examples of division ; and amend them where neces- 
sary — 

(1) Triangles contain either a right angle, an obtuse angle, 
or an acute angle. 

(2) Numbers are either positive or negative or whole or 
fractional or prime or composite. 

3. Criticise the statement that a purely formal division is a 
possible process. 
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4. Criticise the following divisions — 

(1) North America into Canada, the United States, and 
Mexico. 

(2) Terms into Singular, General, Abstract and Concrete. 

(3) Books into bound, and unbound. 

(4) A piece of lime into whiteness, soliditj', weight, and 
extension. 

(5) A person into bones, flesh, feeling, and will. 

5. Explain what is meant by Classification, and show what excel- 
lencies a classification should have, and to what faults it is liable. 

6. Distinguish Logical Division from Natural Classification. 
State and illustrate the rules of logical division, and consider how 
far they can be realised in classification. 

7. Distinguish between a natural and an artificial classification, 
giving illustrations. What are the precepts and precautions to be 
observed in selecting the basis of classification ? 

8. In the Theory of Classification, what do you understand by 
essential characteristic, constant, important, and accidental 
features or properties? Give examples. 

9. How far can we distinguish kinds of Classification bj' reference 
to the purposes which they servo ? 

10. Explain and illustrate the difference between the Nomencla- 
ture and Terminology of a Science, and show briefly the principles 
upon which they should bo constructed. 

Are there any technical terms of a Science other than those which 
belong to its Nomenclature or Terminology ? 

11. Discuss the principle on which eubsumptive classifications are 
made and the limitations to which it is subject in actual scientific 
work. 


CHAPTERS Vin.-X. 

1. "What do you understand by a Categorical Proposition ? What 
other forms of judgment can be expanded into Categorical Proposi- 
tions. 

2. Discuss the function of the copula in logical propositions. 

3. What is the essential distinction between the subject and pre- 
dicate of a logical proposition ? Illustrate by examples. 

4. What is meant by the Quantity of a Proposition ? Why are 
singular propositions classed under universal propositions ? Bring 
out carefully', with the aid of illustrations, the various meanings 
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or ambiguities attaebing to tbo designations, some, any, all, few, 
most. 

5. Define ‘exclusive’ and ‘exceptive’ propositions. What is 
tbo logical relation, if any, between tbcm? Kxpress tbo following 
propositions in logical form, and gix'c tbo contradictor 3 ' of cacli — 

(a) The onlj’ man in tbo house was the landlord. 

(b) Anj’ one but an idiot would believe it. 

(c) Ko admittance cxcci>t on business. 

(d) Members alone can vote. 

What is the logical relation between the propositions “Onlj' 
graduates are eligible ” and “ Some graduates are eligible ” ? Under 
what conditions is this logical relation valid ? 

[An Exclusive Proposiliou contains a word such as alone limiting 
the subject — S alone is P : An Exceptive Proposition excludes a por- 
tion of the denotation of the subjcct-tcnn from the predication bj’ 
some such word ns except, unless — Every S is P unless it is W.] 

0. Reduce each of the following to its strict logical form and 
indicate the quantitj’ and quality of each logical proposition — 

(a) All men are not liars. 

(b) Any man would have done the same. 

(e) Few are successful in achionng their ambitions. 

(d) A few were not disheartened by failure. 

(c) Scarcol}’ any marksmen score the full total possible. 

7. State in logical form ; indicate the subject and predicate ; and 
give the qnalitj’ and quantitj' of the follouTiig — 

(a) All that glitters is not gold. 

(b) Axioms are self-evident. 

(c) Among Englishmen many great generals are found. 

(d) Not one of the encmj' escaped. 

8. Give a full discussion of Indesignato propositions. 

9. Express ns clearly as possible what j'ou take to bo the nature 
of a hjqjothetieal proposition. 

(a) Compare the import of the hypothetical proposition. If 
S, then P, with that of the categorical proposition. All S is P. 

(b) How far can the disjunctive proposition bo resolved into 
hypotheticals, and into how many ? 

10. Express in hypothetical form the following disjunctive pro- 
positions, taking account of the meaning in each case — 

(1) A line must be either straight or curved. 

(2) To obtain this post a man must possess either merit or 
influence. 
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11. Discuss, with examples, the question whether Hj'pothetical 
Propositions ean be reduced to Categorical Propositions. 

12. In what wa}' should the Disjunctive Proposition be inter- 
preted? What is its i-elation to (a) the Categorical Proposition, 
(h) the Hj’pothctical Proposition ? 

13. How far do distinctions of Qualitj-^ and Quantity appty to 
Hj’pothetical and Disjunctive Propositions? 

14. Express the following H 3 ’pothctical Propositions in the fun- 
damental three-term form — 

(a) If a man steals, the law should punish him. 

(h) If the report is true, what j'ou saj^ is untrue. 

(c) If j'ou do that, I will punish j'ou. 

(d) If stud}’ is well done, the student will gain. 

(c) If two parts of hydrogen eombine with one part of 
ox 3 ’gcn, water is formed. 

{/) If this work requires three hours a da 3 % I cannot do it. 

15. What is meant b 3 ’ the ‘ Import of Propositions ’ ? State 
various views which logicians have held on this subject. Which 
view seems to 3 ’ou to be preferable, and WI 13 ' ? 

16. “Judgment consists in comparing together two notions or 
ideas of objects derived from simple apprehension, so as to ascer- 
tain whether the 3 ’ agree or differ.” 

Criticalty examine this view, and indicate carefulty the relation 
3 mu take to hold between notions, judgments, and inferences. 

17. How far is it (a) legitimate, (5) adequate, to construe an 
affirmative categorical proposition as meaning that the subject is 
included in the predicate class ? 

18. Examine how far the import of categorical propositions can 
be represented b 3 ' diagrams. Comment upon an 3 ’ diagrammatic 
scheme that has been adopted b 3 ' logicians, and indicate the extent 
to which it succeeds or fails in satisf 3 ’ing the requirements of such 
diagrammatic representation. 


CHAPTERS XI. -XW. 

1. Arrange the following propositions so as to show whether or 
not the truth or the falsity of one can be inferred either from the 
truth or the falsity of another; No intelligent persons are pre- 
judiced ; All unprejudiced persons are intelligent ; Some unintelli- 
gent persons are unprejudiced ; Not ever 3 ' prejudiced person is 
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unintelligent. E.xplnin nnj’ tcchnionl procc'j'ies ■which you miy u'o 
in ivorking out your answer. 

2. Distinguish (a) contrarliotorj' and contrary terms (6) contra- 
dictory and contrarj* propositions. 

What preoiso meaning do you attach to the law of contradiction ? 

IIo'\v is the square of opposition affected if ‘some' is taken to 
mean ‘ some but not all ' ? 

3. Give the contradictories of the following hypothcticals — 

(1) If the material world is finite, it must have been created. 

(2) If a tiger once tastes human blood, it becomes dangerou':. 

4. What immediate inferences can bo drawn from each of the 
following four propositions ? — 

(а) If X is true, then y is true ; (6) x would bo true, if y svere 
true ; (c) x and y cannot both bo true ; (d) either x is true or y h 
true. 

What conclusion (if ant’) could bo drawn in each case if it were 
further known (1) that x is true, (2) that x is fahe ? 

5. Distinguish tho logical nature of Immediate Inference from 
that of Opposition. Explain wlij’ it is impossible to convert an 0 
proposition. 

State tho following in logical form and give their converse and 
contmpositivo — 

(1) None but young soldiers run away, and they only in their 
first engagements. 

(2) Starvation wages are better than none at all. 

(3) Not all the riches of the earth can bring happiness. 

(4) Humour is not given to all. 

6. State the following propositions in logical form, and give, 
where possible, tho Converse and Contradictory of each — 

(a) All knowledge is only recollection. 

(b) We cannot all command success. 

(c) That is all tliat I ask'ed for. 

How ■vv’ould 3 'ou prove tho rules for Conversion, Obversion, and 
Contraposition 7 

7. (a) On what grounds has it been proposed to exclude the pro- 
cess called ‘immediate inference’ from tho sphere of inference 
proper ? Discuss. 

(б) State, giving examples witli„5 and P used for terms, what can 
be asserted as to the truth of a proposition from — 

(i) The falsity of its contrary. 

(ii) The truth of its simple converse. 
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(iii) The truth of its sub-contrary. 

(iv) The falsity of its converse. 

(v) The falsity of its sub-alternate. 

8. Draw as many inferences as you can from the following pro- 
positions, naming them by their logical names — 

(a) A merry heart goes all the way. 

(b) You can onlj’ support yourself on something which offers 
resistance. 

9. Give, where possible, the contrary, the contradictory, the con- 
verse, and the contrapositive of the following — ^All tyrants are 
unhappy. Some crows are white. When sinners repent, some- 
times they are not forgiven. If a man seeks pleasure he can never 
attain happiness. If Aristotle is right, Herbert Spencer is wrong. 

10. Give the most concise proofs that you can of the rules for 
Conversion, Obversion, and Contraposition of Propositions. 

11. Give, where possible, the contradictory, converse, and contra- 
positive of the following — 

(i) Not all despots are cruel. 

(ii) Only philosophers fail to see the difference between a post 

and my idea of a post. 

(iii) He who is down need fear no foe. 

12. Reduce to logical form and give the contrapositives of the 
following propositions — 

(1) More haste less speed. 

(2) None but himself could be his parallel. 

(3) Only fools learn by experience. 

(4) It is an ill wind that blows nobody any good. 

(5) A miss is as good as a mile. 

13. Express in ordinary categorical form each of the follo'wing 
propositions, examine the distribution of its terms, and give its 
contradictory and contrapositive — 

(a) We smile not only when we are pleased. 

(b) The price of an article does not always rise immediately 
after it is taxed. 

(c) Any one may judge of B.’s conduct who examines the 
evidence. 

Wherein lies the fallacy of the following? — A poet is a man, 
therefore a good poet is a good man. 

14. Show how diagrams may be used to prove the rules of con- 
version and contraposition. 

Show also, by means of diagrams, that we cannot infer from 
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“All A’s nrc B ” tlmt “ Some B’s nro not A ” ; nor from “ Some A’s 
nro not B” that “ Some B’s aro not A." 


CHAPTBRS XV.-XVir. 

1. Briefly discuss tho claim of method to a place in logical 
doctrine. 

2. Discuss tho relation between tho processes called Induction 
and Deduction on the one hand, and those called Analysis and 
Synthesis on tho other. 

3. Compare the respective functions of logical analysis and 
synthesis. Is there any fundamental opposition between them ? 

4. Criticise the statement that science progresses through analy- 
sis to synthesis, 

5. On what grounds would you describe mathematics as mainly 
n synthetio science, and chemistry os mainly an analytio science? 

G. What aro tho essentials of a good method ? How far can they 
bo usefully expressed in rules? 

7. Compare mathematical and historical inference. 

8. Indicate concisely what you take to bo the essential nature of 
inference. 

9. Discuss tho place and function of tho empirical clement in 
geometry. 

10. Discuss the conception of system in relation to (a) a particular 
science, (6) knowledge as a whole. 

11. Explain exactly tho nature of tlic fallacies Petitio Principii 
and Ignoralw Elcnchi. Examine, with tho aid of illustrations, tho 
mental conditions which may give rise to these fallacies. 

12. Examine logically the followdng arguments — 

(o) “If it bo said that there is an evil in change as change, I 
answer that there is also an evil in discontent as discontent.” 

(6) “I speak not from mere theory. There exist at this 
moment practical illustrations of my assertions.” 

(c) An adverse decision, my lords, will seriously prejudice 
the political prospects of my client. I beg you, therefore, to 
weigh well a decision which, if unfavourable, will spell disaster 
for an honourable man. 

(d) Who can deny that this measure aviir ameliorate the lot 
of our fellow-citizens when we reflect that it will raise the 
standard of comfort in every home ? 
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(e)' “ He has spoken of that noble person and of his intellect 
in terms which, were I disposed to retort, I might say show 
the hon. gentleman to be possessed of an intellect which would 
justify me in passing over in silence anything that comes from 
such a man.” — (Charles Janies Fox.) 

{/) No man can witness the daily misery and oppression of 
the poor in our land without being stirred to redress their 
wrongs. I need say no more. That will be sufficient for all 
enlightened men to support this reform which has no other 
aim than to relieve their distress. 


CHAPTERS XVIII. -XXL 

1. Define a categorical syllogism in its narrowest sense ; and give 
in shortest form the necessary and sufficient rules for the validity of 
a syllogism. 

2. If, in a valid syllogism, the conclusion be false, must the pre- 
mises be likewise false ; if the premises be false, can tlie conclusion 
be true ; if the conclusion and one of the premises be true, can the 
other premise be false ? Give reasons for, and illustrate, your answer. 

3. Give the meaning of the Dictum dc omni et nullo. How is 
the proper statement of it affected by the method of interpreting 
the import of propositions in extension or intension, or both ? 

4. (i) State the Dictum dc omni et dc mdlo, and prove from it 
the “ Special rules for the First Figure.” 

(ii) What proof would you offer of the rules of the Hypothetical 
Syllogism? Give concrete examples in illustration of the rules. 
Comment on the term ‘reduction’ as used of the transformation 
of a hypothetical into a categorical syllogism, or vice verm. 

5. What is a hypothetical syllogism ? Explain the reason for the 
rule — affirm the antecedent or deny the consequent. To what 
fallacies of the categorical syllogism do the violations of this rule 
correspond ? 

Explain how the rule is connected with the doctrine of the 
plimality of causes, and why it is correct in spite of the rule to 
argue “if a triangle is equilateral, it is equiangular; but this 
triangle is equiangular and therefore it is equilateral.” 

6. Discuss the question whether the alternatives of a disjunctive 
syllogism are mutually exclusive. Show in what way the answer 
given to this question affects that form of the disjunctive syllogism 
known as Modus poncndo tollcna. 
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7. Give a clear and precise explanation of tlic rule concerning the 
Jliddle Term of a syllogism. 

S. 'When is it impossible to draw a valid conclusion from Uvo 
given premises? Explain why the inference is impossible. 

9. Provo that a particular premise necessitates a particular con- 
clusion. 

10. Show, from the general rules of syllogism, that in the third 
figure the minor promise must be aflirmativc and the conclusion 
particular. 

11. Explain why the thirtl figure of the syllogism is “ suitable to 
the discovery or proof of instances and exceptions," and prove ht; 
(he (‘yUo^islxc rules that in the second figure tho conclusion must bo 
negative. 

Construct an example (not a symbolical formida) in TSaroco in the 
second figure and reduce it directly and indirectly. 

12. Give the special rules for the quality and quantity’ of the 
premises in the second and third syllogistic figures and explain tho 
reasons on which they are based. Reduce to tho first figure tho 
following syllogisms— 

(1) Some logicians arc not good reasoners ; all logicians know 
how to reason well ; therefore some who know how to reason 
■well do not reason svell. 

(2) Some virtuous persons are bores ; all bores show a lack of 
sy’mpathotio imagination ; therefore some persons who show a 
lack of sympathetic imagination arc virtuous. 

13. State tho special canons of the four figurc.s ; construct 
examples of syllogisms in Camenes, Darapti, and Baroco, and reduce 
them to tho first figure. 

14. Why’ cannot 0 stand ns a premise in the first, as a major in 
the second, as a minor in tho third, or ns a premise in the fourth 
figure ? 

15. Provo that in tho first figure (1) tho major premise must be 
universal, (2) tho minor premise must bo affirmative. 

16. If the major term bo universal in tho premises and particular 
in the conclusion determine the mood and figure, it being understood 
that the conclusion is not a weakened one. 

17. What is meant by Mood ? Show from the rules of the syllo- 
gism what moods are alone admissible in the second figure. 

18. Construct examples of syllogisms in Camestres, JDisamis, 
Ferisem, and reduce them to the first figure. 

19. How far does the doctrine of Figure and Mood apply to 
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(1) Pure Disjunctive Syllogisms, (2) Pure Hypothetical Syllo- 
gisms ? 

20. Prove that in every figure, if the minor premise is negative, 
the major premise must be universal. 

21. State the following argument in a syllogism of the third 
figure, and reduce it both directly and indirectly to the first — 
Some things worthy of being kno^vn are not directly useful, for 
every truth is worthy of being known, while not every truth is 
directly useful. 


CHAPTERS XXII. -XXIII. 

1. What are the valid moods in Mixed Syllogisms, and how are 
they determined ? 

2. Discuss, with examples, the reduetion of Mixed Hypothetical 
Syllogisms to the categorical form. 

3. Explain the modus ponendo tollens, and examine the assump- 
tions upon which its validity depends. If I argue from the truth 
of A to the falsity of B, what is the real relation between A and 
B which is required to make the inference valid ? 

Regarding the following two arguments as examples of the 
ponendo tollens, point out analogies between them and introduce 
in each case the suppressed premise : (1) A man may be without a 
vote, though not a pauper ; but, from the fact that Mr. A. has a 
vote, I am able to infer that he is not a pauper. (2) There would 
be nothing absurd in maintaining that the doctrines of Natural 
Selection and of Utilitarianism are both false ; but from my con- 
viction that the former is true, I derive the conclusion that the 
latter is not. 

4. What is meant by Disjunctive Syllogisms, and what conclusion 
can be drawn from them ? Give examples. 

5. Is it possible to apply distinctions of figure either to Hypo- 
thetical or Disjunctive Syllogisms ? 

6. Consider the follomng argument — Those who agitate for the 
franchise do not deserve it and those who do not are indififerent. 
It should not therefore be conferred. 

7. Construct in symbols a Trilemma corresponding to each of the 
four kinds of dilemma. 

8. What are the essential characteristics of the Dilemma ? How 
many different kinds of Dilemma are to be recognised? Give an 
example (in symbols) of each. 
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Indicate the most common sources of fallacy in dilemmatio argu- 
ments, with illustrations. 

9. The plan of meeting a dilemma by another dilemma is a 
purely rhetorical device and has no logical efficacy.” Comment on 
this and give illustrations. 

10. Exemplify, and analyse the different kinds of Sorites. 

11. Classify the following and examine their validity — 

(а) Those who have shall not receive ; those who do not 
receive do not want. 

(б) If we have a wet summer there is always a good clover 
crop. We shall therefore have a poor crop this year, for the 
summer has been ver 3 ' dry. 

(c) If the train is late, I shall miss my appointment ; if it is 
not late, I shall miss the train : but either it will be late or not 
late ; therefore, in any case, I shall miss my appointment. 

12. Reduce the following to logical form, and say if either con- 
tains any fallacy — 

{a) Free trade is a great boon to the working man, for it 
increases trade, and thus cheapens articles of ordinary con- 
sumption j this gives a greater purchasing power to money, 
which is equivalent to a rise in real wages ; and any rise in 
real wages is a boon to the working man. 

(6) All thieves are dishonest ; all dishonest persons are im- 
moral ; some immoral persons are not punished ; therefore, 
some thieves are not punished. 


CHAPTER XXW. 

1. “ Certain individuals have a given attribute ; an individual or 
individuals resemble the former in certain other attributes ; there- 
fore they resemble them also in the given attribute.” — (Mill.) 

Consider whether this adequately expresses the nature of syllo- 
gistic reasoning. 

2. Upon what grounds has it been asserted that the conclusion 
of a syllogism is draivn, not from, but according to, the major 
premise ? Are they valid ? 

3. (1) You do not argue from but only according' to the major 
premise of a syllogism. 

(2) If the major premise is not true, j'ou cannot draw the con- 
clusion. 

Are these statements consistent, and, if so, in what sense ? 

I- 1. 33 
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4. (re) Explain carefully what you conceive to be the function in 
a s 3 'llogism of the major and minor premise respectivel}^ and 
briefly examine the contention that when the major premise is 
admitted the conclusion is asserted. 

{b) Prove that if the middle term of a syllogism is twice distri- 
buted, the conclusion must be particular. 

5. If the conclusion of an inference is implied in the premises, 
can it give new knowledge ? Discuss with special reference to 
Induction. 

6. Determine the character and form of the following argu- 
ments — 

(re) X lies to the south-east of Z, being due south of Y, which 
is due east of Z. 

(6) A is taller than C, being taller than B. 

7. Examine the following : All strictly formal reasonings can be 
reduced to the syllogistic form. 

8. Examine Mill’s view that the Sjdlogism, considered as an 
argument to prove its conclusion, is a PetUio Principn. 


CHAPTERS XVITI.-XXEV. 

[The following exercises should he worked when the complete doctrine 
of the spllogism has been mastered. - 

1. Put the following arguments as far as possible into logical 
form, examine their validity, and name any fallacy you ma}' 
discover — 

(i) He must be a Scotchman, for no Scotchman can see the 
force of a joke. 

(ii) Partners in the same enterprise have the same interest. 
How then can there be antagonism between mj^ workmen and 
me? 

(iii) Only if an officer is cool-headed does he deserve the 
chief command, and as this officer has not been thought worthy 
of the appointment, we may conclude that he is not cool- 
headed. 

(iv) The king, by the constitution, can do no wrong, and 
therefore he is not rightly subject to praise or blame. 

2. Examine technically the following arguments — 

(re) All men have equal rights ; therefore, if A, has a right 
to £500 a year, B. has a right to £500 a j'ear. 
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(6) The great majority of persons who have liad small-pox 
have been vaccinated ; therefore, vaccination can have no efli- 
caoy as a preventive of small-pox. 

(c) Attention is a reflex act and is determined by interest. 
Now a reflex act may bo defined ns one that is determined by 
a physical stimulus. Therefore, interest is a physical stimulus. 

3. State the following arguments in sjdlogistio form, and examine 
their validity — 

(а) It is too cold here for this plant to grow. 

(б) Some statesmen are also authors ; for such are Beacons- 
field, Gladstone, Balfour, and others. 

(c) The literarj’ style of these two books is similar, and 
therefore they are probably by the same author. 

4. State the following arguments in syllogistio form where 
possible, and examine their validity — 

(а) If a man bo rightly entitled to the produce of his labour, 
then no one can be rightfully entitled to anything which is 
not the produce of his labour. 

(б) Poetic genius and scientific ability are perfectly com- 
patible, as the instance of Goethe proves. 

(c) M is the only possible cause of P ; if therefore we find 
P occurring, we may be sure of the presence of M. 

(d) It is useless to give advice ; for if a man is wise he will 
not need it, and if he is not wise he will go his oum way. 

5. Examine the following : — (1) Reason is identical in nature 
wherever it is found, and all men are rational, therefore all men 
should be treated as equal. (2) To make a good bargain is an 
advantage, therefore the more good bargains we make the better. 
(3) A person found guilty by a jury may be innocent ; John Jones 
has been found guilty, therefore he may be innocent. (4) Do not 
interfere. For if he means to do wong he will do it, and if he 
means to do right your interference will be impertinent. 

6. Examine the following arguments — 

(1) He is a very bad marksman; hence it is safest to stand 
in front of the object he is aiming at. 

(2) The truly brave are never bullies : hence all bullies are 
cowards. 

(3) Wisdom is inseparable from benevolence : hence all bene- 
volent persons are wise. 

(4) A man may smile and smile, and be a villain ; my friend 
Smith is constantly smiling : therefore he may be a villain. 
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(5) This regiment behaves bravely in action : therefore it 
must be composed of brave men. 

(6) B. condemns Napoleon and Caesar. But Napoleon and 
Caesar are great men ; therefore he condemns great men. 

7. Express in sjdlogistic form and examine the following argu- 
ments, naming the fallacies which you may detect — 

(1) Idiots cannot be men, for man is a rational being. 

(2) Everj’^bodj' is benefited by a University training, there- 
fore it would be a good thing if everybody had a University 
training. 

(3) Trespassers will be prosecuted. But if there are none, 
none will be prosecuted. Therefore somebody will trespass. 

(4) Apart from experience due to the state of the internal 
organs of the body, emotion can have no existence. Therefore 
emotional consciousness is wholty constituted by these experi- 
ences. 

8. Reduce to syllogistic form (giving mood and figure) and ex. 
amine the validity of the following arguments — 

(a) Everj'one must be either a socialist or a free-trader ; but 
there are no free-traders who are pessimistic ; lienee it follows 
that only socialists are pessimistic. 

(b) Few soldiers can be considered heroes 5 for an3’one who 
is incapable of fear must be accounted a hero, and but few 
soldiers can be said to be incapable of fear. 

(c) Englishmen admire all who are successful ; they must, 
therefore, admire some persons who are politicalty dangerous, 
for assuredly there are some successful persons who are politic- 
ally dangerous. 

9. Examine the following, explaining what the character of the 
argument is, stating it in logical form, and describing it by its 
logical name, whether fallacious or not — 

(a) It is difficult to understand why a statesman should lay 
himself open to the charge of little-mindedness by harping upon 
his consistency, which it is well known is the failing of little 
minds. 

(b) I am accused of inciting to sedition by the address which 
I delivered to the meeting. But there is not one man present 
at the meeting who, if my remarks had been addressed to liim 
privately, would have been moved to disloj'alty. 

(c) “ To prove continuity and the progressive development 
of the intellectual faculties from animal to man is not tlie same 
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as proving that these qualities have been developed by natural 
selection. Because man’s physical structure lias developed 
from an aniraal form by natural selection, it docs not neces- 
sarily follow that his mental nature, though developed pari 
passu with it, has hocn developed b^' the same cause onlj’.” 

10. Test the following arguments and name any fallacies they 
may contain — 

(i) Ill-managed business is unprofitable. Railways are never 
ill-managed. Therefore all railways arc profitable. 

(ii) A vacuum is impossible, for if there is nothing between 
bodies they must touch. 

(iii) The governor of a country ought not to bo blamed for 
using his influence to further his religious \nows, for every man 
has a right to inculcate his oum opinions. 

11. Set out the course of the following, bringing out the oharaotcr 
of the argument and counter-argument, and stating that ns far ns 
possible in logical form — 

“ Schoolmasters speak of the disciplinary value of the classics (ns 
giving them a superiority over the mother tongue). They are apt 
to forget that our teaching of Latin comes from a time when Latin 
was used as a real substitute for the mother tongue — wlien it was a 
living language. There is no need in any way to belittle the utili- 
tarian or disciplinary advantages of teaching foreign languages, 
ancient and modern. They have at any rate one fundamental use 
in enabling children to distinguish between words and ideas, since 
the same idea is translated in different languages by different words. 
But to n large number of our children they must remain inacces- 
sible ; and in any case the teaching of a foreign languoge can as 
little replace the teaching of the mother tongue as a finger can 
replace the use of tho hand.” — (Hartog, The Writing of English.) 

12. Examine the following arguments : express them where 
possible in syllogistic form : supply any premises or conclusions 
which' are implied but not expressed : give the figure and mood of 
valid syllogisms, and, if fallacy occurs, determine its nature. 

(a) “ "With regard to the high aristocratic spirit of "Virginia 
and the southern colonies, it has been proposed, I know, to 
reduce it by declaring o general enfranchisement of their slaves. 
This project has had its advocates and panegyrists ; yet I never 
could argue myself into any opinion of it. Slaves are often 
much attached to their masters. A general wild offer of liberty 
would not always be accepted. History furnishes few instances 
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of it. It is sometimes as hard to persuade slaves to be free as 
it is to compel freemen to be slaves; and in this auspicious 
scheme we should have both these pleasing tasks on our hands 
at once. But when we talk of enfranchisement, do we not 
perceive that the American master may enfranchise too ; and 
arm servile hands in defence of freedom ? A measure to which 
other people have had recourse more than once, and not with- 
out success, in a desperate situation of their affairs.” — (Burke, 
On Gonciliation with the American Colonies.) 

(b) “THE DANGER OF TOUCHING THE PRESS IS 
THE DIFFICULTY OF MARKING ITS LIMITS. My 
learned friend, who has just gone out of Court, has drawn no 
line and unfolded no principle. He has not told us, if this 
book is condemned, what book may be written. If I may not 
write against the existence of a monarchy, and recommend a 
republic, may I write against any part of the Government? 
Slay I say that we should be better without a House of Lords, 
or a House of Commons, or a Court of Chancery, or any other 
given part of our establishment ? Or if, as has been hinted, a 
work may be libellous for stating even legal matter u'ith sar- 
castic phrase, the difficulty becomes the greater, and the liberty 
of the press more impossible to define.” — (Henry, Lord Erskino, 
Speech on behalf of Thomas Paine.) 

(c) “France has a representative government; and as the 
unjust privileges of the clergy and nobility are abolished ; as 
she is blessed with a most wise, clear, and simple code of laws ; 
as she is almost free from debt, and emancipated from odious 
prejudices, she is likely to prove an example and a light to the 
world.” — (Daniel O’Connell, Speech at a Meeting to Recover 
Catholic Rights.) 

(d) “ Those are our present prospects of success. First, man 
is elevated from slavery almost everywhere, and human nature 
has become more dignified, and, I may say, more valuable. 
Secondly, England wants our cordial support, and knows that 
she has only to secede to us justice in order to obtain our 
affectionate assistance. Thirdly, this is the season of successful 
petition, and the very fashion of the times entitles our petition 
to succeed. Fourthly, the Catholic cause is disencumbered of 
hollow friends, and interested speculators. Add to all these 
the native and inherent strength of the principle of religious 
freedom and the inert and accumulating weight of our wealthy 
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our religion and our numbers, and ^yhcro is the sluggard that 
shall dare to doubt our approaching success?”' — (O’Connell, 
lin'd.) 


CHAPTERS XXV.-XXVI. 

1. Explain the general process o£ induotivo reasoning, and de- 
Bcribo its aim. 

2. ristinguish induction from deduction, and contrast popular 
■U’ith scientific induction, so ns to bring out the chief defects of the 
former. 

3. Discuss the part pln 3 ’cd by deductive inference in inductive 
enquiry. Are we justified in supposing that ever}’’ inductive 
enquiry must contain some deductive element? 

4. What is meant by describing induction ns the inverse process 
of deduction? Compare this with other accounts of induotivo 
reasoning. 

5. How would you express the Law of Causation ? Examine the 
definition of Cause ns the invariable and unconditional antecedent. 

6. Define a Uniformity ; and explain how Uniformities can bo 
olassified. Give illustrations. 

What is meant by saying that “ Uniformity pervades Nature " ? 

7. Inquire into the possibility of regarding the principle of the 
Uniformity of Nature as an induction from experience. 

“If wo ask what is involved in the conception of a cause 7wC 
acting uniformly, wo shall see that it is the same ns denying the 
existence of causal connexions altogether.” Discuss this. 

8. What do 3 ’ou take to bo the ultimate principle upon which 
inductive reasoning is based ? What kind of justification would you 
offer for the principle in question ? 

Comment on the following: — “The contrary of every matter of 
fact is still possible ; because it can never imply a contradiction. 
That the sun will not rise to-morrow is no less intelligible a pro- 
position, and implies no more contradiction, than the aiSrmation, 
that it will rise.” 

9. What different meanings do the logician and the psychologist 
respectively attach to the question, "What is causal connexion?” 

10. Consider carefully whether the cause of the fall of a stone 


' The extracts from speeches— (a) to (d)— are taken from Political 
Orations, ed. by William Clarke. 
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would bo more correctly said to be (a) the earth, or (b) the force of 
gravitation, or (c) the previous process of raising the stone to the 
position from which it falls. 

11. Is it necessary' that a cause, as Science understands the term, 
should be (a) antecedent to its effect, (h) immediately antecedent? 
Discuss the view that one and the same effect may proceed from a 
number of alternative causes. 

12. What different kinds of conditions have to bo oonsidered 
when we speak of the cause of an event as the sum-total of the con- 
ditions upon which the occurrence of the event depends? 

13. Define precisely what Science understands by the Cause of an 
event, and illustrate your definition by a typical example of causa- 
tion as determined by experiment. 

What is the relation of the scientific conception of Cause to the 
conception of Cause as the sum-total of the conditions on the occur- 
rence of which the event depends ? 

Can you account for the divergence between the scientific and 
popular views as to the Cause ? 

14. ” The Uniformity of Nature is the ultimate Major Premise 
in all Induction.” — (Mill.) Explain and discuss this statement. 

CHAPTERS XXVII. -XXVIII. 

1. To what extent do (a) imintentional inference and (b) selective 
interest enter into the process of soientific observation ? 

What precautions must be taken in observation and experiment 
to avoid error ? 

2. How does Experiment differ from Observation ? Is the differ- 
ence fundamental ? Show the dependence of Observation on pre- 
vious knowledge and in what sense it always involves inference. 

3. “Experiment is always preferable to observation.” Why is 
this ? Explain also from the example of any sciences how observa- 
tion and experiment supplement each other. 

4. Examine the relation or distinction between (a) Experiment 
and (b) the use of Instruments of Observation. Give examples 
showing the utility of each. 

5. What is the logical character of the appeal to “the testimony 
of the senses ” ? Does this testimony really bear witness to the 
motion of the sun relatively to the earth ? 

6. Indicate the special errors to which observation and experi- 
ment are liable. Give illustrations. 
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7. Examine how far Logic can assist us in avoiding the fallacies 
of Non-obsorvntion and of Mnl-observntion. Distinguish tlicso 
fallacies from errors of observation, and explain how the latter can 
be eliminated by s 3 'steniatio experiment. 

8. Discuss the place and importance of testimony in {a) historj’, 
(&) phj'sical science. 

9. If live witnesses swore to a prisoner’s presence near the scene 
of crime, and only one swore to an alibi, would that bo sulBcicnt to 
prove the falsity of the latter assertion ? 

10. What are the general tests of the trustworthiness of 
testimony ? 

11. Discuss the statement that for the purposes of historj- a man 
WTiting thirty years after an event is not necessarily in any better 
position than a man writing three hundred years later — indeed is 
often less able to trace the course of events with acouracj'. 

12. What is the justification of textual criticism as a branch of 
historical enquiry ? 

13. “It doesn’t matter who wrote the book, nor when it was 
written ; read it for its elements of permanent value,” How far 
can the historian accept this attitude ? 

14. Examine critically the following argument — 

“ What a barrister calls his ‘case,’ his theory or explanation, is a 
single and organic thing. It is a storj'. If the tale is true, it is 
coherent. If the tale is false then some other tale is true ; one we 
do not know ; one perhaps very different ; one possibly that we can- 
not even imagine. But the clinching point is this. Until wo know 
that other tale which is true we cannot tell Jioio much of the first 
tale is folse. That any of it is false is a reason for digging deeper. 

But all of it may be false. Whatever it was that tainted the 
admittedly tainted evidence may also taint the apparently' un- 
touched evidence. We cannot tell till we know what the taint 
was. Until we know why Jones, Brown, and Robinson lied wo 
cannot be sure that Smith is telling the truth.” 

(G. K. Uliesterton, in Daily Netus, April 12, 1911.) 

CHAPTERS XXIX. -XXX. 

1. It is said that all induction depends on hypothesis. How far 
is'this true ? 

When may a hj'pothesis be regarded as established ? 

2. Examine and illustrate the characteristics of hypothesis as a 
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conscious process of soientifio investigation. Show that a rejected 
hypothesis need not necessarily have been fruitless. 

3. Exemplify various ways in which hypotheses are suggested, 
and explain why no rules can be given for their formation. 

4. Indicate clearly the nature and the place of hypothesis in sci- 
entific investigation. State and illustrate the conditions to which 
a legitimate hypothesis must conform. 

5. Distinguish between a working hypothesis and an established 
hypothesis, so as to bring out the conditions upon which the latter 
depends. 

6. A Hypothesis is sometimes defined as “a generalisation adopted 
on avowedly insufficient grounds.” Comment on this definition, 
and inquire whether any other meaning can be attached to the term 
Hypothesis. 

Why have Hj’potheses (as above defined) any utility ? 

7. Describe indnetio per enumerattonem simplicein, indicating its 
mode of origin and the process of thought that seems to be implied 
in it. 

8. What is the nature of the argument from Analogy ? How 
would it be expressed in syllogistic form ? Can it over be regarded 
as conclusive ? 

Show, with illustrations, the place of analogical reasoning in the 
process of soientifio discovery. 

9. Define the true place of analogical reasoning in scientific ex- 
planation. How would you diflferentiate a sound from an unsound 
analogy ? Give illustrations. 

10. What is the connexion between the argument from analogy 
and the process of enumerative induction ? 

11. What is the logical force of the following? — 

{a) “ During the reigns of the kings of Spain of the Austrian 
family, whenever they were at a loss in the Spanish councils, 
it was common for their statesmen to say that they ought to 
consult the genius of Philip the Second. The genius of Philip 
the Second might mislead them ; and the issue of their afiairs 
showed that they had not chosen the most perfect standard. 
But, Sir, I am sure that I shall not bo misled, when in a case 
of constitutional difficidty, I consult the genius of the English 
constitution.” — (Burke, On Conciliation with the American 
Colonies.) 

(b) England has a democratic franchise, therefore India 
should have a democratic franchise too. 
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(c) “ I have somewhere read, I think in Sir Walter Ealeigh’s 
History of the JFor/d, of a most bloody and fatal battle which 
was fought by two opposite armies, in which almost all the 
combatants on both sides were killed, ‘ because,’ says the his- 
torian, ‘ though they had offensive weapons on both sides, they 
had none for defence.’ So, in this war of words, if we are to 
use only offensive weapons, if we are to indulge only in invec- 
tive and abuse, the contest must be eternal.” — (Charles James 
Fox, On the French Overtures for Peace, Feb. Srd, 1800.) 

{d) All the great empires that have ever existed have lost 
their position of eminence, hence no great empire in the future 
will maintain its supremacy. 


CHAPTERS XXXI. -XXXII. 

1. Describe the main preliminary processes or assumptions that 
have to be made before practically applying such methods of Induc- 
tion as have been formulated by Mill. 

2. What are the so-called Inductive Methods, and what is their 
use ? Explain, with an illustration, the Method of Difference, and 
contrast the principle upon which it proceeds with that of the 
Method of Agreement. What is the connexion between it and the 
Method of Concomitant Variations ? 

3. Examine and compare Mill’s “ Method of Agreement,” 
“Method of Difference,” and “Joint Method,” so as to show how 
far each possesses complete logical cogency. 

4. Show exactly how Mill’s Method of Agreement differs from 
Simple Enumeration. 

On what presuppositions is the former Method applicable ? What 
are its defects, and its utility, in scientific discovery ? 

5. Explain precisely (with an illustration) the principle of the 
Method of Difference, contrasting it with that of the Method of 
Agreement. What defects are there in the former and how can 
they be overcome ? 

6. Bring out the importance of the negative instance in the ex- 
perimental methods, and point out under what circumstances it 
ceases to be available. 

7. Illustrate the maxim : In experiment one circumstance only 
should be varied at a time. Explain the reason of this maxim, and 
point out the practical difficulties in carrying it out. 



524 


QUESTIONS AND ESEECISES. 


8. How docs inductive enquiry deal with the difficulties due 
(a) to counteracting influences, (6) to exceptional phenomena ? 

Wliat does Science understand by an “exception to a law of 
nature ” ? 

9. “A perfect experiment establishes a law.” On what grounds 
is this certainty of inference from experiment rested ? Point out 
the difficulties in the way of scouring data of the kind required. 

10. What is meant by the Plurality of Causes ? What difficulty 
in appljdng the methods of induction arises from the Plurality of 
Causes, and how far and in what way can the difficulty be met ? 

11. Explain, with examples, the Method of Concomitant Varia- 
tions, showing the presuppositions under which it can be applied, 
its logical character, and its relation to the Method of Difrcrence. 

12. Explain the Metlmd of Concomitant Variations. Give ex- 
amples of cases where its application is especially profitable, and 
point out the limitations attaching to its use. 

13. What special kinds of reasoning are involved in the establish- 
ment of quantitative uniformities? (such as the formula which 
connects the volume witli the temperature of a body, or that of 
gravitation according to the inverse square of the distance.) 

14. What do you consider to be the main function of the Method 
of Residues? 

15. Examine the relation between the ‘direct’ and ‘indirect’ 
methods of inductive enquiry, 

16. How far are the direct methods of inductive enquiry correctly 
described as methods of elimination ? 

17. Why are social phenomena so difficult to treat scientifically? 
What methods may be emplojmd in treating them ? 

18. Describe the so-called “ Deductive Method,” and explain for 
what kinds of subjects it needs to be used in conti’ast with the so- 
called “experimental methods.” 

19. “In worms the sense of smell apparently is confined to the 
perception of certain odours, and is feeble. They were quite in- 
different to my breath, as long as I breathed on them very gently. 
This v^as tried, because it appeared possible that they might thus 
be warned of the approach of an enemy. They exhibited the same 
indifference to my breath whilst I chewed some tobacco, and while 
a pellet of cotton-wool with a few drops of millefleurs perfume or 
of acetic acid was kept in my mouth. Pellets of cotton-wool soaked 
in tobacco juice, in millefleurs perfume, and in paraffin, were held 
with pincers and were waved about within two or three inches of 



Q0KSTIONS AXn EXEUCISK'^. 

Bcvcral worms, but they tool: no notice. On one or two occasions, 
liowcver, wben noetic acitl imil Jicen pl.sccd on pellet:', the srorm.s 
nppcnrcil n little unc.ssy, niul this svns prob.sblj' due to the irritation 
of their skins. The perception of such tinnntuml odoiir.s would be 
of no service to worms ; and ns such timid creatures woidd almost 
certainly’ exhibit some signs of nn3' new impression, wo mnv’ conclude 
that thci" did not perceive these o<]ours.” — {D.srwin, I.'<trlfitronn>.) 

Annlj'.se the above passage so ns to bring out the inductive 
ohnraotcr of the I'roccss bj" which the conclusion i.s re.ichcd. 

20. “ Wealth is grc.atlj* increased bj* the change from production 
on the small to production on n large scale, bj’ tlio introduction of 
mnohincrj' and the division of labour. This hold.s cq\ialK' if we 
compare n railwaj' with a stage-coach, or n coach with n pack horse ; 
n cotton mill with n spintiing-wliccl, or n .spinning-wheel with n 
distaff and spindle. Under cverj* foim, nt ever}’ stage, and in 
ever^* period, wealth has been incrca.scd I)}- improved and extcndcl 
co-operation between human beings. This complex co-operation of 
ninnj’-sidcd individual effort, then, appears as the main-spring of 
industrial progrc,ss. Where it is not we have stagnation— primitive 
barbarism; where it is found, in whatever form or degree, there bj’ 
one mcan.s and another industry is improved, and the material side 
of life made perfeot.” 

Analyse the above example of inductive rcosoning, point out 
what inductive method is cmploj'cd, and consider whether the con- 
clusion is or is not completely established. 

21. Analj’so logicallj’ the following passages, indicating the 
methods of reasoning employed, and estimating the logical validity 
of the conclusions drawn — 

(a) " The general rule among vertebrates, ns regards colour, 
is for the two sexes to bo alike. This prevails with onlj- a few 
c.xceptions, in fishes, reptiles, and mammalia ; but in birds 
diversitj’ of sexual colouring is exceedingly frequent, and is 
not improbably present in a greater or less degree in more 
than half of the known species. . . . Tho most fundamental 
charaoteristio of birds from our present point of view is a 
greater intensity of colour in the male. This is tho case in 
hawks and falcons ; in manj' thrushes, warblers, and finches ; 
in pigeons, partridges, rails, plovers, and many others. . . . 
It is in tropical regions, where from a variety of causes colour 
has been developed to its fullest extent, that wo find the most 
remarkable examples of sexual divergence of colour. The moat 
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gorgeouslj' coloured birds known are the birds of paradise, 
the chattcrcr.s, the (anagors, the humming birds, and tlic 
plieasant-tribe, including the peacocks. In all these the 
females are much less brilliant, and, in the great majority of 
cases, exceptionally plain and dull coloured birds. . . . The 
reason of this phenomenon [the dull colours of female birds] is 
not difficult to find, if we consider the essential conditions of 
a bird’s existence, and the most important function it has to 
fuKil. In order that the species may be continued, young 
birds must bo produced, and the female birds have to sit 
assiduously on their eggs. While doing this they are exposed 
to observation and attack bj' the numerous devourers of eggs 
and birds, and it is of vital importance that they should be 
protectivel 3 ' coloured in all those parts of the body which are 
exposed during incubation. To secure this end all the bright 
colours and sliow 3 ' ornaments which decorate the male have 
not been acquired b 3 ' the female, who often remains clothed in 
the sober hues which were probably once common to the whole 
order to which she belongs. . . . This principle is strikingly 
illustrated b 3 ’’ the existence of considerable numbers of birds in 
which both sexes are similarly and brilliantly coloured, — in 
some cases as brilliantl 3 ' as the males of many of the groups 
above referred to. . . . When searching for some cause for 
this singular apparent exception to the rule of female protec- 
tive colouring, I came upon a fact which beautifully explains 
it ; for in all tliese cases, without exception, the species either 
nests in holes in the ground or in trees, or builds a domed or 
covered nest, so as completely to conceal the sitting-bird. . . . 
It has been objected that the domed nests of many birds are as 
conspicuous as the birds themselves would be, and would, 
therefore, be of no use as a protection to the birds and young. 
But, as a matter of fact, they do protect from attack, for 
hawks or crows do not pluck such nests to pieces, as in doing 
so they would be exposed to the attack of the whole colony. 
. . . Such birds as ja 3 "s, crows, magpies, hawks, and other birds 
of prey, have also been urged as an exception ; bufc these are all 
aggressive birds, able to protect themselves, and thus do not 
need any special protection for their females during nidifica- 
tion.” — (Wallace, Darwinism, pp. 275-281.) 

(6) “Lavoisier, reasoning with himself on the cause of the in- 
crease of weight in metals after calcination, argued as follows : 
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‘if the increase in the weight of metals calcined in closed 
vessels is due, ns Bo^do had thought, to the addition of the 
matter of the flame and the fire which penetrate the pores of 
the glass and combine with the metals, then it follows that on 
introducing a known weight of metal into a glass vessel and 
sealing this liermeticall 3 ', determining the weight exactlj’ and 
then proceeding to calcination b}' a charcoal fire — just ns Boyle 
had done — and then finally after caleination, before opening it, 
again weighing the same vessel, this weight must be found 
augmented by that of the whole quantitj' of fire matter which 
had been introduced during calcination. But if, said I to 
m 3 'self, the increase in the weight of the metal calx is not due 
to the addition of fire matter nor of any other extraneous 
matter, but to a fixation of a portion of the air contained in 
the vessel, the whole vessel after caleination must be no heavier 
than before and must merely be partially void of air, and the 
increase in the weight of the vessel will not occur until after 
the air required has entered.’ ” Two experiments were made 
with tin. In the first a small retort was used : in the second a 
large retort. The same quantity of tin— 8 oz.— was used in 
each case. In both retorts a residue of tin remained after 
heating. The change of weight in the retort and its contents 
due to heating alone was (1) ’27 grains, (2) 1 grain. The in- 
crease in weight of the tin on calcination was (1) 3‘12 grains, 
(2) 10 grains. The weight of air which took the place of that 
absorbed in calcination came out at (I) 3T3 grains, (2) lO'OG 
grains. Lavoisier concluded that (1) ‘in a given volume of 
air only a fixed quantity of tin can be calcined.’ (2) This 
quantity is greater in a large retort than in a small one. (3) 
The hernieticaU 3 ^ sealed retorts, weighed before and after the 
calcination of the tin contained in them, showed no difference 
of weight, which evidently proves that the increase in weight 
of the metal arises neither from the fire matter nor from any 
other matter extraneous to the vessel. — (Freund, op. cit., 
pp. 47-49.) 

(c) Bentley rejected the Epistles of Phalaris as forgeries 
He proved that “if the Epistles so belauded were true, Phalaris. 
had borrowed money from men who lived 300 years after his 
death, had destroyed towns that were not founded, and con- 
quered nations that had no names : that he had overturned the 
chronology of Thucydides and Herodotus and proved their 
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histories more fables : that he had transposed the events of his 
own da}' with tliose that liappened long after he was dead : 
and finally that ho had written in an Attic dialect which no 
man used during his lifetime, and which bore no resemblance 
to that which he, a Dorian, could liave used.” — (Craik, Life of 
Jonathan Swift, Vol. I., p. 88.) 

(d) “ Wages are necessarily determined by the minimum that 
is absolutely necessar}' for the support of the labourer and his 
familj'. ... If we take this theory literally as meaning that 
the workman’s wages can never rise above what he absolutely 
requires to live on, it is mueh too pessimistic and is manifestly 
contrai'y to facts. The purely material wants of life are, on 
the whole, of relatively little consequence. Irish and French 
peasants find it possible to live on next to nothing. If, then, 
the indispensable minimum for the bare support of life consti- 
tuted an ‘ iron law of wages,’ innumerable common-place facts 
would be inexplicable. Wliy is the rate of wages not the same 
in all trades ’ Must an engraver or a skilled mechanic consume 
more food-stuffs, more nitrogen and carbon, than a stone- 
breaker or a street-cleaner ? Wliy, moreover, are wages higher 
in the United States than in France, Germany, or England? 
Is there any physiological reason wh}' an American should eat 
more than an Englishman, — despite the fact both of them 
belong to the same race ? Why are wages higlier to-day than 
a century ago, — a fact which is beyond all question? Have we 
greater appetites than our forefathers? Again, why are the 
wages of farm labourers lower in winter, when they are obliged 
to spend more for heating and clothing, than in summer, when 
food is so cheap and life in the country is so easy that Victor 
Hugo calls this the ‘poor man’s season’?” — (Gide, Principles 
of Political Economy, Eng. Trans., pp. 502-503.) 

(e) All acids contain oxygen. On this assumption the com- 
bination of ammonia, which does not contain oxygen, with 
hydrochloric acid would give as one of its products water 
which does contain oxygen. Hence the ox^'gen would have 
been present previously in the h3'drochlorio acid. . But when 
the experiment of combining the two substances was made in 
1812 it was found that no more than a slight dew was formed 
which was sufficiently accounted for b}' unavoidable imper- 
fections in carrying out the experiment. Therefore hydro- 
chloric acid does not contain oxygen, and the initial assumption 



QtTESTIONS aUd exercises. 529 

,is disproved. — (Cf. Wheivell, History of the Inductive Sciences, 
Vol. ni., p. 124.) 

(/) Faraday invented an instrument to measure the amount 
of electrolytical action when substances aro decomposed by 
means of electricity. “In this instrument, the amount of 
action was measured by the quantity of water decomposed : 
and it was necessary in order to give validity to the mensuration, 
to show (as Faraday did show) that neither the size of the 
electrodes, nor the intensity of the current, nor the strength of 
the acid solution which acted on the plates of the pile, disturbed 
the accuracy of this measure. He proved, by experiments on 
a great variety of substances, of the most different kinds, that 
the electro-choraioal action is definite in amount according to 
the measurement of the new instrument.” — (Whewell, op. cit., 
Vol. in., pp. 144-145.) 

(g) It was at one time “a current opinion in science that 
the smallest bubble of oxygon or of air which might come in 
contact wth a preserve would bo sufBoient to start its decom- 
position.” To this it was objected t “ ‘How can the germs of 
microscopic organisms bo so numerous that even the smallest 
bubble of air contains germs capable of developing themselves 
in every organic infusion ? If such were the case the air would 
be encumbered with organic germs.’ M. Pouchet said and 
wrote that they would form a thick fog, as dense as iron.” 
Was the assumption true 7 Pasteur prepared a series of bulbs 
half -filled in each case with a liquid which would very readily 
show the appearance of microscopic organisms. Tlie liquid 
was boiled, the air expelled, the bulbs sealed. When the 
sealed end of a bulb was broken off, air was immediately ad- 
mitted, and the bulb could then be sealed up again. Under 
these circumstances a change in the liquid could be readily 
observed. Pasteur showed that in every place where the ex- 
periment was carried out a certain number of bulbs would 
escape alteration, if, however, a room were dusted or swept 
the liquid in all the bulbs to which the air was then admitted 
became altered owing to the great quantity of germs raised and 
remaining suspended in the air. In toivns most of the bulbs 
showed alteration. Of twenty opened in the country far from 
all habitations and then sealed again, eight contained organised 
productions : of twenty opened on the heights of the Jura, five 
only were altered : of twenty opened at a much greater altitude 
I. Z. 34 ' 
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in tlio vicinity of a glacier from which a strong wind was 
blowing, one alone was altered. Pasteur’s conclusions were as 
follows ; “More thickly spread in towns than in the country, 
the germs become fewer in proportion as they recede from 
human habitations. Mountains have fewer than plains, and at 
a certain height they are very rare.” — (Prom Louis Pasteur, by 
his Son-in-Law, Eng. Trans., pp. 105-107.) 

(7t) “When those who were in the secret had decided on the 
time and place of the poisoning, Sejanus, with the most con- 
summate daring, reversed his plan, and, whispering an accu- 
sation against Drusus of intending to poison his father, warned 
Tiberius to avoid the first draught offered him as he was dining 
at his son’s house. Thus deceived, the old emperor, on sitting 
down to the banquet, took the cup and handed it to Drusus. 
His suspicions were increased when Drusus, in perfect uncon- 
sciousness, drank it off with youthful eagerness, apparentl}', out 
of fear and shame, bringing on himself the death winch he had 
plotted against his fatlicr. — These popular rumours,|over and 
above the fact that they are not vouched for by any good writer, 
may be instantly refuted Por who, with moderate prudence, 
far less Tiberius with his great experience, would have thrust 
destruction on a son, without even hearing him, with his own 
hand too, and with an impossibility of returning to better 
thoughts. Surely ho would rather have had the slave who 
handed the poison, tortured, have sought to discover the 
traitor, in short would have been as hesitating and tardy in 
the case of an only son hitherto unconvicted of any crime, as 
he was naturally even with strangers. But as Sejanus had the 
credit of contriving every sort of wickedness, the fact that he 
was the emperor’s special favoimite, and that both were hated 
by the rest of the world, procured belief for any monstrous 
fiction, and rumour too always has a dreadful side in regard to 
the deaths of men in poiver. Besides the whole process of the 
crime was betraj^ed by Apicata, Sejanus’s wife, and fully di- 
vulged, under torture, by Eudemus and Lygdus. No writer 
has been found sufficiently malignant to fix the guilt on Tiberius, 
though every circumstance was scrutinised and exaggerated.” 
— (Tacitus, Annales, Bk. iv., 10, 11. Trans, by Church and 
Brodribb, p. 118.) 
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CHAPTERS XXXIII. -XXXIV. 

1. If a logician holds that no result of induction is absolutely 
certain, can he consistently still distinguish bet^reen inductive and 
probable reasoning ? 

2. “Calculations of probability in general do not express what 
wdl actually occur in tlie future, but only the degree of subjective 
confidence which we repose in their occurrence.” Discuss this. 

3. A bag contains three balls, each of which is known to be red, 
uhite, or blue. What is the chance of all three being white? 
Give reasons for your answer. 

4. Discuss : “Probability after the event is based on exactly the 
same principles, and is formally the same process of reasoning as 
probabilitj’ before the event.” 

5. Suppose that two witnesses, the probability of whose accuracy 
is I and § respectively, agree in affirming the occurrence of an 
event which, in itself, is as likely to have happened as not to have 
happened— i.e. whose antecedent probability is 4 — what is the 
probability that the event really did happen ? 

0. In what ways can errors in measurement be best allowed for ? 

7. Explain and exemplify the Methods of Jileaus and of Least 
Squares. 

8. ^Vhat is meant by a scientific explanation ? In what way can 
wc explain (1) facts, (2) laws of nature? 

9. How far is it true to say that explanation is the ideal of 
science ? 

10. Discuss the connexion between the scientific explanation of a 
phenomenon and the assignment of its cause. 

11. “ The object of science is c.xplanation.” 

“Science never explains; she only reduces complex events to 
simple ones of the same kind, ns when she deals with certain 
phenomena of magnetism by supposing every ultimate atom of the 
substance to act as if it were a magnet.” 

Carefully consider these statements. 

12. Bring out the logical peculiarities of mathematical reasoning, 
and enquire whether it is radically distinct from other forms of 
scientific reasoning. 

13. What is the function of statistics in scientific investigation ? 

14. What is a law of nature, and what is its difference from an 
empirical law ? E.xplain the use for science of the discovery of 
empirical laws. 
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15. In what ditl'erent wa^'s may a uniformity, based upon a more 
or less satisfactory induction, bo confirmed by deductive explana- 
tion ? Under what circumstances has a wider uniformity a greater 
certainty than a narrower uniformity? 

10. Indicate carefully the meaning of tlic term ‘law’ as 
employed in natural science. Distinguish between empirical law-s, 
laws of nature, and idtimato laws. 

“ A truly universal law is not demonstrable truth.” Discuss this. 

17. Define the terms Fact, Theory, Hypothesis, Law, Cause, as 
used in Science. 

In tlie light of j’our definitions, comment on the following state- 
ment: “ IVliat is called tlio scientific explanation of a fact is 
Qotliing more than showing it to bo a case of a more general fact, 
which though more general, is still a fact merely.” 


MISCELLANEOUS QUESTIONS 

1. Define Judgment, Proposition, Term, Concept ; and illustrate 
from a logical point of ^dew, the process of forming a concept. 

Is every general term the name of a closs ? Give your reasons. 

2. Write a brief logical comment, with illustration, on each of 
the following — “Circular Definition,” “ Proving too much,” “See- 
ing is believing,” “ The exception proves the rule.” 

3. Define the following logical terms ; — Undistributed Middle ; 
Hypothetical Syllogism; Simple Destructive Dilemma ; Enthj’memo. 
Give an example of each. 

4. Explain, wdth illustrations, the meaning of the following — 
relative terms, cross-division, a redundant definition, a prosyllo- 
gistio train of reasoning, a genetic definition, an argimenlum ad 
hominem. 

5. Indicate, with examples, the meaning of the following terms 
in Logie : — (i) Fundamentum divisionis ; (ii) Strengthened syllogisms 
and Weakened syllogisms ; (iii) Reduction per impossible ; (iv) Uni- 
verse of Discourse ; (v) Quantification of the Predicate. 

6. Define the following technical expressions, and illustrate in 
each case by an example — Inseparable Accident, Argument a 
fortiori^ Sorites, Ignoratio elenchi. 

7. Explain and illustrate the following Fallacies — Petitio Prin- 
cipii, A dido secundum quid ad dictum simpliciter (and the con- 
verse), Composition, Division. 
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8. Write brief notes on, and illustrate, each of the following — 
‘Proving too much’; ‘Fallacy of Many Questions’; ‘Definition 
by type’ ; ‘Crucial I'i.vpcrimont.’ 

9. To what kinds of Fallacy is Inductive Reasoning most liable ? 

10. Comment on the following : “ All so-called material fallacies 
are in reality either formal, or not fallacies at all, but mere mistakes 
in regard to matters of fact.” 

11. Explain, with examples, the following — A gratuitous hypo- 
thesis, colligation of facts, immaterial conditions of a phenomenon, 
predisposing and exciting causes, residual phenomenon. 

12. Explain and discuss briefly the following — (i) mathematical 
induction, (ii) ‘perfect’ induction, (iii) mechanical and chemical 
composition of causes, (iv) empirical laws. 

13. Write a short explanatory comment on (i) Intermixture of 
Effects, (ii) Vera causa, (iii) Coincidence ns distinguished from a 
real connection of facts, (iv) Hon sequitur. 

14. Explain, with examples, the following — A crucial experi- 
ment, an adequate hypothesis, an empirical law, the composition 
of causes, the fallacy of mal-observation. 

15. Make a logical analysis of the following — 

“The catastrophe in Ireland fitted in with the governing moods 
of the hour, and we know only too well how simple and summary 
are the sj'llogisms of a rooted distrust. Ireland was papist, and 
this was a papist rising. The queen was a papist, surrounded at 
Somerset House by the same black brood ns those priests of Baal 
who on the other side of St. George’s Channel were described as 
standing by while their barbarous flock slew old men and women 
wholesale and in cold blood, dashed out the brains of infants 
against the walls in sight of their wretched parents, ran "their 
skeans like Red Indians into the flesh of little children, and flung 
helpless protestants by scores at a time over the bridge at 
Portadown. Such was the reasoning, and the damning conclusion 
was clear. This was the queen’s rebellion, and the king must be 
her accomplice. Sir Phelim O’Neil, the first leader of the Ulster 
rebellion, declared that he held a commission from the king himself, 
and the story took quick root. It is now manifest that Charles was 
at least as much dismayed as auy of his subjects, yet for the rest of 
his life he could never wipe out the fatal theory of his guilt.” — 
(John Morley, Oliver Cromwell, p. 108.) 
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on utility of balance, 4 17-118 

- — on validity of syllogism, 289- 

290 

Denotation, 29-33 
Description, 67 
Diagnostic classification, 85 
Diagrams : Euler’s, 117-119 

illustration of conversion, 146 ; 

147; 148 

nature and use of, llG-117 

representation of propositions 

by, 118-119 

representation of syllogisms by, 

242-246 
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Gmvitntion : c'tnliVi'litnent of lltcorv 
of, -JOfi-nn 

Orccn ; on ncrrs^nry (riilli":, -IPO 
on imifuniiitj o! iintiire,."(tf>30S 


Ilcnn’ VIII, mid the iinrlimiicnt of 
•la.'i-llO 

Jlcischcl : on falbcics of oh'cn-.i- 
tion, 3t2-.'5I.'! 

on fii'lon of innrhle, .''.(Vi-Sbr) 

on qimutit.-itivo shitcmcnt of 

laws, -Its 

on theories of liitht, riG7-3&S 

llihhen : example of limitation of 
roncomit.ant variations, '103 
Ilistorv; method in, 101-193; 412- 
4M ■ 

JTohhou^c: on cldorophyll, 33“ 

on circumstantial evidence, 414- 

41.'i 

on liiddcn causes, 403 

on ideal and actu.al hnowledgc, 

403 

on permanent facts in nature, 

300 

iruiincns! and theory of light, 4tl- 
112 

‘ Hypotheses non fingo,' 3ri0 
Th pothesis : agreement with fact, .301 
— f— and analogy, 300 

conditions of establishment of, 

332 

conditions of validity, 301-30 1 

doOnition of, 302 

descriptive, 300 

direct development of, 333-107 

establishment of, 332-415 

exten'ion of, 301-300 

function of, 351-355 

inception of, 3G9-381 

indirect cst-ablishment of, 407- 

415 

hinds of, 300-301 

meaning of, 351-355 

natnro of, 35 1-30S 

origin of, 355-358 

suggestion of, 355-358 

testing of, 850 

worhing, 301 

Hypothetical : propositions, 104-109; 
110-111; 123; 130-137; 154 

syllogism (mi.ved), 217-218; 

257-20 1 


lIvpotliDtiral ; syllogism (pure), 217‘ 
2KS; 2-'n-232'; 217 21'' 

‘Hystcion pnitcron,' 201-203 


identity; principle of, II 15; 120 
‘Ipnor.atio elenrhi,' 205-210 
Illative conversion, 1 15 
Illicit process, 220-227 ; 203 
Illusion, .323; 342-3 1-3 
Immediate Inference; and l.iws of 
thoiighi, 15 ; 17 

hitids of, 1201 27 

nature of, I25-12ii 

‘Imperfect Induclion ' 20^ 

Import of categorical proposirions, 
113-110 

Incompatibility of terms, 33-35 
Indcsignatc propositions, loj 
Indirect method of induction, 301 ; 
407-115 

reduction, 251-255 

Individual terms, 20-23 
Induclion ; and analysis, 200-300 

and explanation, 470 

Arisfotlo’s doctrine, 207-208 

assumptions midcrlving, 2!H1- 

207 

ha'is and aim, 295-300 

heginnings of, SCO 

enumorativD, 207-200 ; 370-371 

examples of, 4 1C- 4 10 

imperfect, 208 

meaning of, 17C 

method of, 300-302 

nature of, 295-302 

perfect, 208 

postulates of, 303-321 

relation to deduction, 375-17” ; 

295; 301-302 

Iiiductivo inferoneo; nature of, 300- 
302 

Iiifcreiico; and system, 180-182 

as cliaracto'ristic of metliod, 

175-170 

definition of, 125 

formal factor in, 179 

‘ from known to unknown,’ 177- 

178 

immediate, 125-150 

in observation, 32^1-326 

material factor in, 179 

nature of, 177-170 

porson.il factor in, 182 
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Inforonco : rolaiion induction niul 
deduction, 1 75-1 77 ; 295; 

501-302 

univorsnls in, 17S-179 

' Infiinii species,’ 40 
‘ Tnsoparablo accidcns/ 42-43 
Intension, 33 
Invorsp, 152 

Inversion; fallacies in, 159 

of propositions, 152-153; 154; 

155 

Invertond, 152 


Jcvons: on accuracy in luoasure- 
incnt., 449 ; 450; 451 
on bias in observation, 32S 

- - on colours of niotbor-of-pcarl, 

387 

- — on ctbor, 303 

on fallaries of observation, 339 

- — on b 37 )otliescs and inference, 

3G3 

on natural experiment, 331 
- on negative experiment, 33 ( 

- — on theories of light, 307 

- - - on working hypotheses, 301 
.loint Jfethod, 391-393 

JoBcph ! on origin of mathematical 
principles, 488 _ 

Judgment : generic, 101 ; 100-107 
- — impersonal, 97 

nature of, 90-99; 101-107 ; 109- 

110; 113-llC 

unity of, 99 (see Proposiliotis) 


Kepler ; discovery of laws of plane- 
tary motion, 358 

scientific caution of, 359 

Knowledge: and error, 5 

- - and explanation, 3-5 

- -- and language, 1 

and separate sciences, 4 

general method of, 100-182 

- - imperfection of, 1-3 

- - nature of, 1-5 

postulates of, 13-18 ; 303-321 


Lamh : quotation of pun, 03 
Language: ambiguities of, 13 
‘ Law ’ and ‘ Theory,’ 382 


Laws of TJiought : and immediate 
inforonco, 15 ; 17 

general character of, 13-14 

relation to contradiction, 

131 

relation to contrariety, 132 

relation to mixed disjunc- 

tivo syllogismj 205 
relation to mixed hypo- 
thetical syllogism, 258 
— - relation to snbaltemation, 
129 

relation to sub-contrariety, 

134 

relation to syllogism, 219- 

220 ; 221 

Laws, quantitative : nature of, 418- 
451 

Least squares : method of, 472-473 
Leibniz : on value of syllogism, 293 

principle of snfGcient reason, 17 

Lcim’s •• on disregard of counteract- 
ing causes, 490 

on interaction of cause and 

offcct, 497-498 
Liard : on habit, 305 
Light : corpuscular theory of, 307- 
3GS; 440-440 

velocity of, 400-407 

wave theory of, 307-308; 410- 

440 

‘ Litigiosns,’ 274-275 
Loche: on care in generalisation, 
173-174 

Logic : deCnition of, 9 
- function of, 6-9 

- — general relation to other know- 

ledge, 9-12 

material or applied, 7-9 

of relatives, 291-293 

origin of, 5-9 

pure or formal, 0-7 

- - relation to grammar, 12 

relation to psychology, 11-12 

value of, 7 ; 9-11 


Mace: on decline of American 
Confederation, 413 
Mach ■- on unity of nature, 309-310 
Mackenzie: on fallacies in Mill’s 
Utilitarianism, 04; 08-09 

on falsa analogy in Plato, 378 

— ^ on simple observation, 327 
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Magnetic Btorma: periodical \arii- 
tioii of, <10-1 

Magnitude • dotenmuatiou of, 46!)- 
473 

Major premise, 215 

tenii, 215 217 

Mai observation, 3 11-3 13 
llalus relation of polarization and 
reflection, 357 

Jl.itheinatics • logical natuio of, 
4SG-W0 

method in, 1C4-1GG ; 183 ISD 

Matter; indc'trnctibihty of, 320 
JIc ins : method of, 4C9-472 
Jleasiirciiient and concomit iiit 
variations. 401 

elimination m erroriu, 451-152; 

469-473 

importance of, 417-M8 

limitations of accuracy, ItS 152 

methods of, 469 473 

nature of, 4-17~152 

‘ Membra dividentia,^ 71 
Memory : imtriistivorthiucss of, 319- 
350 

JIas oa adiaccs in mutliecndlics, 
165 

on atoms as descriptive hy- 
potheses, 300 

on value of corpuscular theory, 

301 

Mctaphois- fallacies due to, 378 381 
Method • analysis and synthesis, 
lGl-171 

and facts, 172 173 

— — • and inference, 177-179 

and system, 180 182 

apphcations of, 183 

fallacies in, 199 212 

inferential nature of, 175 179 

in history, 190 191 

in mathematics, 183 189 

in natural science, 190 191 

in physical science, 189 190 

■ nature of, 160 161 

^ of induction, 300 302 

of knowledge, 160 183 

rules of, I 7 I-I 74 

Methods of enquiry (direct) : Agree- 
ment, 386 391 

character of, 383 386 

Concomitant Yariations, 

399-404 

Difference, 393 399 


Methods of enquiry (direct) . Exclu- 
sions, 391-393 

limitations of, 381 386 ; 

407 408 

Residues, 401 107 

sj mbohsm of, 38 1 JS5 

— (indirect), 107 115 

Middle term, 215 217 
imdistnhuted 2'J ! 

Mill i.illacics in UtiLitanani'in, 
0 1 , GS 

— methods of direct enquiry, 383 

(see Method!-) 

— on ambiguous tcinis, 63 

— on fallacies of olisen.itioii, 

336, 337; 311, 312 
on first law of motion, 403 10 1 

- - on inference from particiilais, 

2SG; 287 

on order of nature, 305 

on resemblances in analogy, 

376 

on uniformity of nature, 308 
oa validity of sjllogism, 2SS 
2 I 11101 premise, 216 

term, 315 217 

Mixed syllogisms, 257 276 (see 
Sullogtsm) 

Mnemonic lines, 239 

explanation of, 251 252 

‘ Modus ponens,’ 2C0 261 

tollens,’ 200 201 

‘ Money ’ : ambiguity of, 63 
Moods : determination of, 235 23S 

examples of valid, 2U) 242 

in pure disjunctive syllogism, 

249 

in pure hvpothetical sjllogism, 

217-249 

names of, 239 

of mixed disjunctive sjllogism, 

266-268 

of mixed hypotheticalsjllogism, 

258 264 

■ proving A, 236 

• proving E, 236 

proving I, 236 237 

proving O, 237-238 

‘ Mother of-pearl ’ : colours of, 387 

Name : and terms, 19 
Natural : classification, 86 86 
kinds, 85 
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‘ Naluio’ : ambignily of, 02 03 
Necossavy tnitli (Icfiiicil, -185 
Neg.ativo ovidenco: caro in accept- 
ing, 83!)-310 

liremises, 227‘229 

is' eplnnc : (iiscovcry of, 057 ; lOG ; 
•107 

Kcivlon : and theory of light, -112 

scientific caution of, 059 

Xonionclatnro : scientific, 92-91 
Nominal definition, 51-6G 
Non observation : fallacies of, 03d- 
311 

‘ Non propter hoc ’ or ‘ non sequitur,’ 
210-212 


Observation ; and method of agree- 
ment^ 3S9 

and scientific instruments, 32S- 

329 

basb of science in, 322-023 

bias in, 327-328 ; 337-038 

- - by o-xperiment, 329-033 

- — fallacies of, 33G 310 

inferential nature of, 321-325 

influence of knowledge in, 320- 

327 

liability to error, 32.3-321 

selection in, 325-327 

Obverse, 112 

Obversion : of propositions, 1-12-1-1-1 ; 
151; 165 

Obverted Contraposition, 160 

Conversion, 149 

Obvertond, 1-J2 

Olszewski: o.vperiinentson argon,433 

Opposite terms, 36 

Opposition ; contradictory, 131-132 

contrary, 132-133 

definition of, 12G-127 ; 128 

fallacies in, 15G-167 

of categorical propositions, 12S- 

13G 

of disjunctive propositions, 137- 

138 

of hypothetical propositions, 

13G-137 

square of, 131-135 

subaltern, 129-130 

sub-contrariety, 133-134 

summary of, 135-13G 

Ostensive reduction, 252-264 


Parliament of 1529 : Henry VIII. 
and, 435 -1 10 

Particular premises : arguments in- 
volving, 230-231 

propositions, 97; 101-102 

Pasteur : e.xperiincnls on spon- 
taneous generation, 335-330 ; 
_ 39G-397 . 

investigations in silkworm dis- 
ease, 420-425 . 

the silkworm disease, 390-391 

‘ I’etitio principii,' 199-205 

and syllogism, 287-291 

‘ Potitio quacsiti,’ 200 
‘ Phlogiston,’ 327 
Physical partition, 74 

sciences : certainty in, 459-490 

Plato : false analogy in, .378 

uso of term ‘ nature,’ G3 

Phirality of eauses, 319-320 ; 353- 
3SG; 359-390; 392 
‘ Plnrcs intorrogationes,’ 15G-157 
Poincard ; on mathematics, 155; 
188 . 

Pollard : on parliament of 1529, 
435-410 

Polylcmma, 2G9 

Porphyry: scheme of prcdicables, 
39-40 

tree of, 43 

Positive terms, 33-31 
‘ Post hoc, ergo propter lioc,’ 495 
Postulates : of deductive inference, 
219-232 

— — of induction, 303-321 
Pouchet ; experimouts on spon- 
taneous generation, 335 ; 39G-397 
PotvcU, Baden : on monk and sun- 
spots, 199 

Prcdicables : definition of, 39 

general remarks on, 41 

Porphyry’s scheme of, 39-40 

Predicate, 19 ; 98-99 
Predication : class-inclusion view of, 
114116 

meaning of, 113 

predicative view of, 113-114 

Prejudice and observation, 327-328 ; 
337-338 

and testimony, 34S-319 

Premises, 214-217 
Principles : of definition, 60-54 

of logical division, 76-78 

Privative terms, 36 
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I’roli.iliility : h.ib'u of, 1 jfi- l.'i7 

ii)iIi'i)emlciii.'o of time, iuij-l.V 

of alternatiro comliuojij, JiiS- 

•107 

of coHipuiiiiii evout.'), -loS-lOt 

of coiiimn.-tiou of imloiiomlctit 

ovoiits, -I'l'J-lOl 

of (iejicmieiit oven!--!, 

of imletcrmiiiato c\ciits, -lO-'J- 

•101 

of rociirrcncu, -Wz-U'/J 

of biioplo event), •153 

I’ro^roisivoclialiidof reasoiiiui;, 273- 
27t); iSO-231 
Proper uaiued, 21-22 _ 

I’ropositiuus : aualysb of, l‘J 

analytic or verlial, -tl- 15 

ilclinition of, 'jO 

— kinds of, ‘JO 

(jiialitj- of, 'J7 

(Hiantity of, 'j7 

■ ■ - syutliclio or teal, 1 1- 15 

categorical : analysis of, IK-yy 

contradictiou of, 1017 ; 

iaM.T2 

coulraiiObition of, l l'J-152 

contrariety of, lyd-lO'l 

conversion of, l ll-l I‘J 

(Icliuitio!! of, 'J7 

ilistribiitiou of terms in, 

103-101 

eductions of, 130-15-'l 

four-fold selicino of, 102- 

103 

— import of, 113-110 

iudesignate, 102 

inversion of, 152-153 

inisinterprctatiou of, 121- 

123 

nature of, 07-03 

— ^ ubversiou of, 112-1-U 

— opposition of, 123-130 

particular, 101-102 

(jualitv of, ‘J'.l-lOO 

nnant’ity of, 100-102 

Mtigular, lOO-lOl 

bubalternation of, 120-130 

sub-contrariety of, 133-131 

universal, 100 _ 

disjunctive: deliuitliin of, lU'J 

eductions of, 155 

interpretation of, lO'J-llO 

misinterpretation of, 121 

nature of, 100-110 


1 ••', .nc'.iie - t ^ 

lien e!, l.;7-l-"--' 

-/pniU-.v . f. Ill 112 

-.p:a:,t;l;. 112 

~ lela’ica Ui can .■> .-J.,!. 1! 1 

- rila’.b :i ij n-,; i-,.:, 

110111 

livputi.Ltical ; d(’2:,i'.-i -a ef, l*>i 

- eductieUJ of, 151 
nii.-intori'.'iia'.a,;) , f, 12 1 
nature i.-f, loHiiy 

— — opio-itien of, 153 l-'/f 

— iin.dltT of, luS 

([uanljiy of, lOef-l't) 

relatiuntjcatcgoriral. I'C- 

loS 

le’atiea to ;reiiciic j;;!,-;- 

meat, 103-107 
‘ rropriiim,’ 30 j U-i2 
I’rosyilegisni, 273 
I’ro-yllugistic ciiaij.j of rex 
270; 2.<l-2r5 
‘ riiniwuin geii!!'.’ 10 
I'syehology : ttla’a'in to b’cic, 11-12 
* i’ubUsb ’ : ambiguity of, 01 
I’mis -. as fallae'.es, t'-'l 


Quality: deiinltion of, 07 
of caleguncal propo-'ilit':;*, ttl- 

loo 

of disjunciiveptopo-ition-, 11 1- 

II2_ 

of hypothetical jiriipo-itiox^,!"-' 

Quautitativo determinatiun, 117- 171 
Quantity: defiuilio:: of, 1'7 

of categorical piopo.-iticns, I'*)- 

102 

of disjunctive propo. i!;o.-. 112 

of hyiHJthetical propc.dtii,:;-, 

1U3-10'J 

QiiattcJa^Ci .- on ‘ilkv.o::;i di. .a e, 

121 


iiiilicr ; on bias in oiiscrvatioa, oJs 

on experiment, 3'i2 

• — on prolvability of tistimotiv, 
3o0-35l 

iui/nsay .- eiperitueuts on argon, 
-127-135 

ita-/fei'th experlnieali on argon, 
-L7-i.35 
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Head ; on causation and classifica- 
tion, 92 

Roal (lofinitiou, 61-60 

propositions, ‘‘AAo 

Rebutting a tlilouiiua, 273-276 
‘ Roductio ad absurdum,’ 261-256 
‘ Roductio por impossibilo,’ 211 ; 
251-266 

Roductiou : direct, 252-261 

function of, 250 

— — kinds of, 262-255 

indirect, 264-255 

mnemonics for, 251-252 

of mixed disjunctive syllogism, 

207 

of pure bypotbotical syllogism, 

25G_ 

- - osteusive,_ 252-251 
Regressive chains of reasoning, 279 ; 
2S4-286 

Relative terms, 37-38 
Relatives : logic of, 291-293 
Residual phenomena, 357-3oS 
Residues: method of, 401-407 ; 427 
Jioincr: determination of velocity 
of light, 400-407 

Rose, /. II ; on historical sciiuoucc, 
190 

Rousseau; use of term ‘ natuie,’ 03 
Rules of pure syllogism ; derivation 
of, 221-222 

■ examination of, 223-229 

corollaries from, 229-231 

Rules of method, 171-174 
Rumford, Count ; heat and energy, 
320 

RitsscR, B. ; on modern mathe- 
matics, 180; 188 
on numbers, 185 


Science : basis of, 322-323 

meaning of, 100 

Scientific classification, 80-91 

instruments, 328-329 

method, 184198 

nomenclature, 92-91 

terminology, 94 

Second Figure : special rules of, 234 
Selection of matter in observation, 
326-327 

‘ Separable accidens,’ 42-43 
Sidgivick .- on resemblances in ana- 
logy, 376 


Sidgiuich • on seeking for a defini- 
tion, 47 

Sigwart ; on statistical uniformities, 
485. 

on uniformity of nature, 300 

Silence : argument from, 363 
Silkworm disoaso, 420-125 
Sincerity in testimony, 310-317 
Singular propositions, 100-101 

terms, 20-23 

Smollett; false analogy in, 378 
Social phenomena : method in study 
of, 409 

‘ Some ’ : ambiguity of, 70 

moaning of, 101-102 

Sorites ; Aristotelian, 280-283 

definition of, 280 

Goclcnian, 280; 281-282; 283- 

281 

kinds of, 280-282 

rnles ofj 283-281 

Special classification, 82 ; 83-80 
‘Species,’ 39; 40 

Spenecr, H. ; fallacies in Eduea- 
tion, 09; 201; 210 
Spontaneous generation, 335-330; 
390-397 

Square of opjiosition, 131-135 
Statistical uniformities, 483-483 
Statistics : an aid to explanation, 
'185 . . 

Stocli ; definition of privative terms, 
33 

Strengthened syllogisms, 239 
‘ Subaltern,’ 129 
‘ Subalternans,’ 129 
‘ Snbalternant,’ 129 
‘ Snbalternate,’ 129 
Subalteruation, 129-130 
Sub-contrariety, 133-131 
Sub-division, 72 
Subject, 19 ; 98-99 
Sufficient Reason : principle of, 17-18 
Suicides : constant ratio of, 483-481 
Sully ; on illusion in observation, 
323 

‘ Summum genus,’ 40 
Sun-spots : periodical variation of, 
404 

Syllogism : basis of, 219-220 

chains of reasoning, 277-286 

definition of, 213 

dilemmas, 208-276 {see Dilein- 
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Syllnp.'-m : clement? of, 21 1-217 

cntliynictnc?, 270-277 (?<•? 

Mommies) 

cpirlieiremns, 2Sl-25'i (?■-•• 

Ep’chcirctnn.c) 

.fnllncies in, 22.'j-227 ; 223-21M 

formal nafnre of, 171* 

form of, 213-211 

fniirtions of, 2''1-2P3 

l;iti(ls of, 217-218 

matter of, 213 ; 211 

nature of, 213-218 

premises of, 2M-217 

relation to induction, 170-177 

2y.'i; 301-3*12 

sorites, 28*3-281 (sec SorHr.~) 

rateporical : axionis of, 220-221 

canons of, 221-231 

figures of, 233-23o 

moods of, 23,'i-2-39 

redurtion of, 2r)0-23o 

representation by dia- 

pams, 212-213 

rules of, 221-231 

strengthened, 232 

• weabened, 232 

disjunctive (mixed) : basis of, 

203 

canon of, 2i3*l 

examples of, 2*’>7-2(»S 

forms of, 2 (m-2*>7 

reduction of, 207 

(pure) ! figures and moods 

of, 2 12 

nilcs of, 232 

hvpolbelical (mixed) : basis of, 

2.38 

canon of, 2.32 

character of, 2.37 

cxnini'lcs of, 2*''2-2*3l 

moods of, 2.3S-202 

(pure) : figures nnd moods 

of, 217-212 

reduction of, 2.30 

nilcs of, 231-2.32 

Stllogistic reasoning : chains of, 

277-28,3 

limitations of, 221-223 ; 22.3 

tmiversal element in, 250- 

257 

validity of, 287-22I_ 

Symliols in mathematics, 187-183 
Syntliesis : .as rc=nH of g_cncral 
princiidcs, 1CG-1G7 
1 . 1 .. 


t^vnthe-is :in lOl-lw',. 

IM-lS' 

logical r.ni cl.'rnVr.l 

g-.;i‘h''d, lOr-lO". 

— tncti.o 1 of, IGI li'_' 

of depee, CIL’ 

of identity, 2:'2 

of space, 2.0 

ofrnhjre! and .-.ttrii -.-tc 

of time, 222 

- - relation to .anaii,'--, li'.3 ir,i- 
1*3*1; 1*37; I'3t'.17I 

- relation to dc iurtii ;i, 17.3 
Sjiithetic chaii-.' of r, g 27^- 

278; 2'-'>-2^1 

projx.'ilio;;?, ij-!.’-, 

System: nnd l:t-.'>-.r!i-dre, •' 

- — - m mathenj.aticc, lg8 MO 

nature of, I,*-'* 

rel.atinn to inferenre, 17-3170: 

1S*)-1,S2 

Ky.«tcm.ati«ation : loI-lt'O 

nnd Fuh-'tnnption of c:;;j itir.al 

laws, -V.'M'ja 

Terminology: scu’ntir.c, 21 
Terms : ah'olnte, .37 

.abstract, 3.3217 

Has:, 23-2'3 

roltcrtivc, 21-2.3 

eollcctirc and distributive mo 

of, 2.3.20 

concreto, 3,3.37 

- — eonnot.atiiia of, 20-2.’; .31-33 

- — cnntr.idictory, 31 33 

rontr.arr, .33 

dolinitinn of. It* 

denot.ation of, 2. '-31 

di'trihntii.n of, 1>'3-101 

c<3uivor,a!, 2<t; 71-7.3 

general, 23- 2.; 

individual, 2'* 23 

neg-ative, .33-33 

po-itive, .31 

- — privative, 3,3 

relative, 37-38 

srientife, 01 

Te-timony: nrcur.-.ey in, 317-330 

nnd probability t'f f.act, 3 <t-331 

corrolsiratir.n of. .O-.O 

critiri‘nv of. 310-33! 

criticism of imlirect, .331-333 

imi'ort.ar.ce cf, 311-313 

3ij 
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Testimony ; non-oral sources of, 351- 
352 

sincerity in, 3JG-317 

value of, 315-310 

Tetralcinnia, 20!) 

‘ T’hcory ’ and ‘ Law,’ 382 
Tliird I’iguro : si)ecial rules of, 231- 
235 

Thomson, Sir William ■ expori- 
inents on diffusion, 398 
Thought : laws of, 13-18 

nature of, 1-6 

‘ Totuin divisum,’ 71 
Tradition, 352-363 
Tree of Porph}'ry, 33 
Trilemma, 209 

Truths ; contingent, -IFO ; 489-491 

established, 485-191 

necessary, 480-491 

‘Tu quoque,’ 209 


Uchenveg : on circle in definition, 
63 

on crucial instances, 300 

Undistributed middle, 225-220 
Uniformity of nature, 301-310 
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